Pll()r()( R/\lﬂl IlllS SHEET

‘h’ C.Np. FA-R673

Spnnq S aynyel

Nov. 5

DOCUMENT IDENTIFICATION

eieisirie ]

INVENTORY #

DISTRIBUTION STATEMENT A |

Approved for public release;
‘e~ Distribution Unlimited 1

DISTRIBUTION STATEMENT

ELECTE
JUL 26 1984, ;

IC

D

DATE ACCESSIONED

07 25 190

DATE RETURNED

q-
N
<
o "
0 izl LEVEL
& =
< :
N
D g e
<
\
.| ACCESSION FOR ’,
NTIS GRAAI
DTIC TAB %\
UNANNOUNCED |
JUSTIFICATION
BY
DISTRIBUTION /
AVAILABILITY CODES
| DIST AVAIL AND/OR SPECIAL
DISTRIBUTION STAMP
84
DATE RECEIVED IN DTIC

REGISTERED OR CERTIFIED NO,

PHOTOGRAPH THIS SHEET AND RETURN TO DTIC.DDAC

DOCUMENT PROCESSING SHEET ERGLIS,

STOCK IS EX

Us E TION MAY BE USED UNT



. v e . e ‘/\,..,,
B L i P , R Y R
¢ . ] \/ \ \a ! Do L M
RE R R \J\‘¢4v.._~ |
- “' T - - -
{ 'f:.-"u-—-. e e e o s T TR T BT . AR MR
‘!
. 3

E'\ | REPORT NO. r-73

. _LUIRIOATION IN THE IRAVIKG OF STEEL CARTRIDGT CASES

A SIXTH REPQRT PROJEOT 3/161

TN N

. ‘[‘R]"TA“}Y:'J\T‘T .\,_‘* ~

QCAEI‘”"EM RS N O T ,'-,"_‘»...,‘,?
**-Ji.nu"m-,v."\- :

1 ERCESNE A SR R f“_'};'?;‘?&

R ST SRR ]

R r“ud»)}xl\? iy

by
SAMUKL SPRIFO

DISTRIBUTION STATEMINT A
Approvoed for public mluase)
Dumb\mon Umumlod

ORDNANCE LABORATORY
FRANKFORD ARSENAL
PHILADELPHIA, PA.

November 1945

'»‘f"'\’!.",‘. .“_..
.. .

NP SN



........
..................
.................................

I

!, e

REPORT NO. R-673

-
r,. T

LUBRICATION IN THE DRAWING OF STEEL CARTRIDGE CASES

oy T
2, ¢ 2
.n'-'.‘.

. e
Pt
5, ['n )

v 3

SIXTH REPORT TROJECT 3/161

PREPARED BY:

. -
’

SAIMUEL SIRING
Chanist

oy =

BFF fr o b >
4§L. DR

REVIEWED BYV:

RN
."

»

E. R. RECIEL
Chomist

l‘ ‘l ,' .-

S

Cs Co FAVCEIT
Assocs Dir. of Labe

AFPROVED BY:

b A sy ke 47

Ce H. GREENALL
Lt Col, Ord Dept
Director of lab.

;‘-‘J‘

e
L)}i

.
-
[

-t t MY

g) ot

L s

ROR:

S

P

R e

G. B. WELCH
Colonel, U, S, Army
Comaanding

=y

meg

Previous Raports
‘R-230

“Re292 : \*
R-293 5

R-318 4
R-469 g




OBJECT

To summarize and correlate the available information on
lubrication in drawing steel cartridge cases.

SUMMARY

A summary and correlation of the information on lubrication
in steel cartridge case drawing is herein presented plus some
original data. ZEmulsion lubricants, tool surfaces, surface pre=-
treatments and low melting solid lubricants are. treated, Some

methods of testing and their applicability are briefly summarized.
Tapering lubrication is discussed.

Two appendices are inoluded which provide background for tho
adequate use and scloction of drawing lubricants, Ono involves
the theorotical bac-ground of tho subjoct and the other troats
tho application of thoory to practice in its more genaral aspacts.

It is rocommonded that lubrication practicoe for steol drawing
utilizo:

l¢ Dried soap or wax deposits, proferably plus very
thin rust or immersion flash copper doposits.

2+ Imulsjon lubricants of special composition, as
developed in this program, used in conjunction with a surfaco pro-
treatmont to yiold an immersion flash copper deposit, lead coating,
rust coating, sulfide coating, or phosphato coating.

3« Bither of tho abovo to bo used with cervido dies,

highly pelishod, and high polishod, preferably chrome-platod,
punchos,
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PREFACE

This roeport attempts to summarizo thc available informaticn N
on lubrication in drawing stoel, particularly, stool cartridgo s

casose This includes informatior obtainod at Frankford Arscnal ‘;;:f..‘
and by tho contractors who mado stool cases. Tho most important *-j:'-::;-
data from provious publications arc summarized and a small amount RN
of original data included. :f-}f:j'
i

In addition, tharc are included, as appendicas, two sections NS}

that sorvo to provido background matorial for tho undcrstanding :;_-:?.
and usago of lubricants in this application and are rcforences RO
for cortain phasas of tho subjoct that cannot bo adoquatoly dis- DY
cussed in tho first soction without losing continuity. ’\w"
AN

S

I, INTRODUCTION ?"@
In tho varly phasos of dovolopmont of a drawing problam, DN
mechanical dosign is mors primitivo than in lator phasos and thq y;j&j,\
lubricant is requirod to bear a groator burdor. In addition, N
lubricant is an idoal "culprit" on which to blamo failuros, Honep L
it 18 not surprising that, on tho basis of shop tosts, cortain S
lubricants uscd in tho carly phasos of a dovolopmont program are W
considorod poor yut tho sams lubricants appliod in tho lator phasgs f‘-j:.'-f;,_
of tho program yield oxccllent rasults. Bocauso of tho motallurgical e
and onginooring difficulties inhoront in steol 3aso manufacturo, PR
considorablo emphasis was placcd on lubrication and, as a conscquenco S
u oconsidorablo emount of information on this subjoct was accumulatod A
This information is now also availablo for stool drawing oporations e

|
i

othor than cartridgo cascs.

o 43
,.4,‘:‘}«‘5:

Bocauso of the nocossity for this smphasis on lubrication,
as woll as tho oxtrcmoly rapid convarsion of this projoct to tho
proliminary production phase, a good doal of confusion existoed
and gave riso to o rathor peculiar situation. This i3 recorded

e anges
hore in tho hope tnat future conditions of this sort may bo avoidod f:&
Thus, cach manufagturor tostod dozens of lubricants, frequoatly PN,
inadoquatoly. As cach manufacturor of drswing compounds submittod AR
or sold a particular lubricant to ono contractor, hie roprosenta- aé::’*iiz
tive -approached the noxt contractor with the claim that tho previous ar—
i contractor was using his product (succossfully, it is to bo inforred w
Qf By tho timd tho first contractor found the lubricant inadoguato, RIS
3 it hed alrondy boon introduccd into°sovoral othar plants and was ‘:1':}:‘:'{"
boing tosteds Largoly bocausc of the excessive numbar of lubricants :,‘;
submittod and tho provalonco of mochanical and onginocering diffi- ELi
: cultios, many of thoso lubricants warc inadoquately tostod as ovie @5\ 4
] donced by tho condition in which four or five lubricants woro ey
3 finally used succossfully by differcnt contractors and oach ono of 'j \:}
E" thogo had baon rcjoctcd by othor contractors as boing inadoquatos f%zﬁ
EANY
; -1~ PRk
3 Ly
=
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S
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ok II, EMULSION LUBRICANTS

o A Historical \
a2 ——— N
(* The first lubricants tested in this application were !r
%',i those used commercially in drawing ferrous and non-ferrous netals,
a0 Those used for non-ferrous metals, in general, consisted of 8dap N
5 37; dispersiong or emulsions of fatty matter and free fatty acids in '
Y water with soap as the emulsifyirg agent, These were shortly

S

found inadequate and similar emulsions containing insoluble fillers

S

o and swlfurized fats and cils, which were used in other heavy drawing
" operations, wore then triod with some promise, utilizing tho stool -
s drawing dies provalent at that timo, 0
Rt 3
Almost immediatoly aftor thc boginning of the stool _3
N cago program, theo ncoed for a laboratory mcthod of ovaluation bo- Y
’“\4 camo ovidont sinco about 100 difforont commorcial products woro Z
o0y submittod, most of which wore accompaniod by glowing claims, In Ry
}‘,"i, addition, shop tosts at that timo waroc beset with many variablos, .j.'
& v.
331 dn tho basis of theorotical considorations, it was )
oy beliovod that ths factors governing stcol drawing lubrication ware ﬁ
mainly those of wold provontion. Consequently, extromo prossuro o~
.'g,‘fs lubricant testing machines, dovolopod for tosting hypoid goar T
-‘;&3 lubricants, woro survoyed to obtain a laboratory testing dovico, -::.:
% The wold provaitivo requisite was substantiated by tho obsorvations X
1’%': that most tool failuros in drawing steel cases warou due to build-up
“““ of motal on the dios and rosultant scoring of tho ceso piocos, ﬁ
: =
3 '?1 It was indicatod aftor substantial corroespondence that -
;i‘i; sovaral companios woro obtaining data on drawing lubricants with ,.
«;‘W a Falox (Favillo-LoVally) E. P, Lubricant Testing Machino (Fige 1) !
“ Although sevaoral difforont proceduros worc boing used, the pro- o~
codurc dovclopod by th? S‘»rown Cork and Soal Co. of Baltimorn, Md. »
e soomod most promising L)%, gomo details of this procedurc appoarod "
h J to bo too involved for tho information dosirod and consoquontly, this (t'r*
N procoduro was simplifiod. o
A o
M B. Uso of the Palox Machino for Testing Enulsion Lubricants &
b In tho Falox Machino a 1/4 inch journal initially makos %
S line coutact at four places with 2 V shapod bushings, Evon after 2y
N4 grooves have boon worn, this limitod aroa of contact makos it {;3
0 possiblo to dovolop vory high unit pressurcs by tho application of AN
moderato loads. Tho Journals aro of SAE 2135 stcol and have a Ko

A
hardnoss of 84-86 Rockwoll B and tho bushings are of SAE X1335 stool ?
and havy a hardnoss of 20 Rockwcll C,

* Those and subsoquont numbors in parontheses rofar to references
at ond of roport,

£
2w =




The test is performed by "running-in" at a jaw load of
500 1bs, for 3 minutes, then increasing the load by 250 1lb,
increments and running for 1 minute at each increment. One
oriterion of performance was the condition of tho test parts
after running to 2750 lbs. jaw load. Anothar was the magni-
tude of the initial jaw load which, after a 1 minute run, caused
sufficient woar tc roquiro 10 notchos on tho loading whecl to
restorc that load, This is indicative of wee: on the test parts.
A moro detailod doscription of tho test with specific date are
available on previous reports. (2), (3), (4)s

Tho data obtained in the Falox Tost could bo classified
propordy only if a particular batch of tost parts worc uscd and
tochniquo and oporator wero koot constant for cach soriss of
comparisons. This is not tho idoal stato of affairs but novar-
thelcss it doos provido a laboratory tool for preliminary evalua-
tion of drawing lubricants. Noodloss to say, interprotation of
data obtained in a laboratory test of thce sort must be mado with
caution and porspoctivo.

Tho data obtainod by moens of tho Falox Test on dozons
of commorcial formulations dividoed thoso into sovoral groups in
rolation to composition. Cortain of tho compounds containing in-
solublo fillors such as lithopono or chalk plus a sulfurized
additive gavo tho bost rosults, Compounds containing sulfurizod
additivos without fillor woro noxt. Cortain compounds contain-
ing filleors without sulfurizod vdditives gavo poorer rosults,
although bottor than other fillor bLesring compounds or non-filler
and non-sulfur boaring compoundse Tho Falox Test appoarod to be
somowhat moro sonsitive to the prosonco of ~ulfur and loss sonsi-
tive to th¢ prosence of good fillors than shop tost datas Th?2
spccific data havo o?n presonted in provious roports R-190, )
R-260, 3) ana R-29214), Thore is prascnted in Tablos I and I1
the gonoral corrolation botweon somo results obtained with the
Falox Test and somo shop tost rosults in tho first draw of cal..30
stool casos(5). Tho shop test data agreo only fairly woll in a
specific senso but in a more gonoral seonso the above montioned
rolationship among tho various types of compounds that was found
in the Falex Tost was also found in tho shop tests. This ro-
lationship among tho lubricants also was borno out by many isolatod
rosults obtaiued in tao artillaory casc program and other stoel
drawing operations and is also in accord wita the gonoral theory
of lubrication discussod in the appendix, It may also be mentioned
that two instances wore obtained (Tablo II) in which tho first samplo
of a compound gave good Falex and shop test rosults, whoreas tho
socond was poor in both tostss This gives an indication of one
important usago to which this test con be put, namonly, ocasy control
of lubricant composition.
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C, Dovolopmont of Special Pmulsion Lubricants

In performing thoso tosts aond considaring tho ropvorts
from tho various contractors using amulsion types of compounds, it
gcomod ovident that tho groatest difficultios that wore being experienced
wore duo to lack of propor approciation of tho rolo of sulfur in
thoso stool drawing lubriecnnts, to scdimontation of tho largo
quantitios of fillor nrosent in these compounds, and to tho high
porcontage of fatty mattor required to maintain tho high viscosity
nocossary to rotard sedimontation.

In line with the first difficulty, it was obscrvod that
thoro was variation of tho sulfur contont of ono brand thut was
usod over a long poriod of time such difforenv compositions wero
found under thc samo brand name. Tho manufacturor roportod that
no sulfur was addod but that degras* was used in its manufaocturos
On thetbasis, two samplos of commorcial dogras woro obtained and
wore found to contain considorablo, slthough widely varying, por-
contagos of sulfur in highly roactive form. Investigation dis-
closod that tho sourco of this sulfur is the sulfur and limeo dip
givon shoop to romovo ticks, Howover, nicotino is also froquently
usod for this purpose, and degras obtauinod from sheop subjocted
to this lattor trontment would bc froc of sulfur, It is quite
likoly that this condition is rosponsiblo for some of tho con-
fusion on this subjoct sinco dogras is commonly used in com-
pounding drawing lubricants,

on tho basis of tho above, a laboratory program wus
initiatod in an attampt to corroct thet s difficultios and to
obtain a bottor insight into tho problem, In this program the
Falox Tost was used, cnd the final conclusions werc chacked by
shop tosts at a pilot plant line, in which it was possiblo to
koop tho variablos undor somewhat botter control than in pro-
duction,

The offoct of sulfur in sheop wool was first confirmed(é)
sinco amulsions containing the crude dogras gave grod rosults
while thoso mado up with the highly rofined shoop wool fat
(Lanoling gavo poor rosults (Table IV). Anothor important oon-
olusior‘ ) was that it was not necossary to have any fatty matter
prosont, since tho mero addition of appropriato sulfurizod addi-
tivo to a soap dispersion yielded results as good as thoso obtained
with tho fat prosont. It may bo obscrved that whilo soap solution
was inorfoctive, soap solution containing 0.5% of a sulfurized
additive was just as good as a commercial compound containing
dogras and chalk and lithopone filier. This conclusion was confirmod

¥ dcegras (Amorican) is tho material roamoved from tho wool of shoop
by moans of scouring with an alkalino soap and rocovered by
acidification to docompose the soap and amulsion,

.

B AL W TP Y SN T SRR SV G VEWKANA W AP R YSes meme  ls er -y - < - — . -

by

E W W

L e Ak, e Jaes. s, S b P SO T



b7 considerablc shop tost data (Table III, Sece A}» Tho ad-
vantagos of a lubricuant of tho formor composition are manifold,
somo of those being low cost and casc of manufacture, use, and
ramoval combined with 2004 porformance.

An important rosult of ¢his investigation was the in-
formation that tho particlo size of the fillor uscl in drawing
compounds was highly important in dotermining the eamount of
fillor that must be used to obtain good porrormanco(7yf Since
the oxcess fillar that is not actually contributing to lubrica-
tion is tho maujor causo of the difficultiocs oncountorod with this
typc of lubricant, this is highly significant,

Exporimentally, it was detorminod that as the sizo of
the particlos docroasos, tho quantity of filler roquirod to givo
a good rosult in tho Falex Tost bocame smaliore In the rango
of particlo sizos of whiting (chalk) of loss thun 1,5 microns
diamotor, approximatoly 3% of chalk gavo good results (Tublo V)
whoroas 12% or more was roquired with ocourser semplos, This was
coufirmod by samc shop tost data (Tablo III, Socs C)e On this
basis, it appoars thut in commorcial lubricants tho largo
Quantitios of filler aro ugod sololy to provide the smaller
particlos prosent to o minor oxtont in commorecial fillers. Tho
bulk of tho filler sedimonts and is out of the sphore of action

and at tho same timo rosults in tho sovural difficultios monticned
proviously.

. Bocausc 'of tho small sizoe of tho particles in tho abovo
lubricant thoir rato of sodimantation is low and the amount of fat
necossary to koop thom in susponsion is groatly roduced, In
addition it is casior to removo tho lubricant becauso thoro is
loss fat and fillor prosont,

" Tho combination of sulfurizod additivo and aypropriato
8izod :fillor is indicated by tho Falox Tost to bo suporior to
oither alono, In this case, it is no*% dosirablo zierely to
suspend tho £illar in soap but rathor to inoromso tho viscosity of
tho disporsion gcmowhat by tho addition of fatty mattor and thon
to add tho sulfurizod additivo. A disporsion containing 4% soap,
12% tallow, 3-4% of finoly divided fillor and 0,5% or a reactive
sulfurizod fatty haso ccntaining 12-20% sulfur has yiolded promise
ing rosuits. Tho vommorcial filler uscd in thuso oxporimonts was
callod: Snowdown Brand Whiting from thoe ¥%agnor Co., of Phila.

An advantago of these emulgion lubricants over drind
doposits is that thoy can bo used as tho fluid in hydraulic

gtrippors without special dosign and result in casior stripping
with moechanical strippors.

-----
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Before leaving tho subjoct of cmulsion lubricants
containing filler, it would bc well briofly to discuss the fillors
usod commercially, In isolating the filler from onc commercial
lubricont it was obsarved that a considcrable amount of coarsar )
matorial was prasent which was founl to bo Si0Op(sand) in abrasivo \
forms A numbor of proprictary lubricants worc tosted for abra- i
sive ?i}ica and surprisingly high percoutnges worc found in meny .
cascs'?/, This abrasive materiel could bo derived from disin-
togration of the balls in ball mills or from tho use of impure
natural minorals. At any rate, the lubricants containing abrasivo ‘
silica did not appoar to boc worsc than those low in this ccnstituont ‘
and it is probablo that those particles sottied fastor and wero not
in thc offoctivo sphore of action. A commercial source of the, small .
particlo sizod fillor, found offoctive at low concontrations 7). was ‘
also {ound to havo a small amount of insoluble silica, apparontly .
without harmful offoct. :

A though the fillar and sulfur-boaring lubricants wero
considerably bettor than lubricants without these constituonts, it
was found that in most casos tharo was roquirod for adoquate pro-
duetion some lubricant adjuncts, such as carbido dios and snrfaco
protroatmonts, which woru given incroasui consideration as a
rosult of the stoel cartridge casc program,

1o~

® s

III. CARBIDE DIES

<

= r

Ono of tho major contributions in preovonting lubrication
diffiocultios in steol caso irawing was the wide~sproad introduction
of’ tungston carbido dies. Tho lubricating action of those dias has
baon discussed in Appondix I, Somo idoa of tho difforonce in
ragnituda of tool lire with stcol and eorbide divs may be odtained
fror examination of Tablo III; the improvomont is approximatoly
ton foldse It may also bo noted that tho relative difforences
among lubricants wero similar for stool ead carbide dies. The
big difficultios with carbide dios waro breakage, expense, and
ro=processirg. Whilo the dios suppliod sarly in tho stesl case
program wero rathar brittlc and frequontly crackel in operation,
tho manufacturors woro suczossful in overcoming this difficulty
to a considerablc cxtont in tho lator phuses of the program,
Howover, thore wero recurring instances of failuros that wore
apparently duo to flaws in tho dios which resulted in the forma-
tion of small pits in tho boaring surfaco. Ono tool man aptly
summed up this situation by stating, "My dios either last loss
than an hour or many wooks." Anothar disadvantage of carbide
dies is that mochanical failuros, as may be duo to impropor indexs
iag of vho punoch and dio, aro moro expensive than with stoecl dios
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A discussion of tool seloction as a lubricant adjunct would -

not be adoquate without a troatment of the cffect of tool surfaccs, e
Early in the cexporimontal work conductod at the Arsenal oxporimontal S
shop, it was obsorved that an incroasc in tool lifo of tho order of o
400% was obtained when stoel dics wero polished with a Mload lap! N,
and fino abrasive, which gavo a far beotter finish than the mothod N

: . . . Lo
that was us?g)proviously involving successively finor grados of el
emory papor‘”/e. (Commorcial practice in tho artillery csse program L
diroctod a groat deal of attontion to the preparation of surfacos, X

especially of punches. Highly polished or suporfinished punches
woro usod with or without chromium plate., It is also quitc possiblo
that part of tho good nerformance of carbide diocs is duc to tho groat
caro with which thosc dios arc finished to givo a good surfaco,

S
IV, SURFACE PRETREATMENTS

b ]

Another important contributicn of tho stool cartridgo caso ST

rrogram, so far as lubrication is concerned, was tho omphasis on s

surfaco protroatmonts ou tho surfacos of tho motal to bo workod. -"}j

Theso dovclopmonts wero not particularly now. Most of thom woro :351

dovoloped by the wiro drawing industry, end somo were dovoloped e

for tho drawing of soamloss tubinge Thoe pretroatments and doposi= *ggﬁ

tion of solids that wore important on tho stcol case program woro ROV

ag follows, o

':-:-:

(a) Etcuing by pickling solutions ::1?

LS

(b) Rough rolling R,

(¢) Coppor plating iti}

(1) Loead Coating ~$:i

TN

(o) sulfido Coating g

(f) Phosphato Coating R

(g) Rust Coating RN

PN

Those tochniques have been discussed in moro gonoral perspoctive e |

3 in tho seocond appendix but will now bo discussed in groator detail RN

3 as applicd to stoel case drawing, Beforo discussing thcso pro- :°:i{

3 treatmonts, a method for tosting these will be described. .;:;3

3 e -

"n\‘qﬁ‘

Lo Use of a Low Speed Drawing Tost el

00 )

Attompts woro made to utilizo a low spucd draw tost in A

which tho fourth draw of the cal,.30 caso was porformo %n a Ak

tonsilo testing machinc at the ratc of 3 inchos/minute 9 o This \jxj

test had yielded important information in brass drawing, but in )
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drawing stesl the forces raquired wore tho same whon oither un-
modifiod amulsions or cmulsions containing sulfur and filler

additives were useds Carbido and steel dies also gave equal

rosults in this test,s Since those conslusions arc froguontly i
contrary to shop test datm, this tost is not complatoly valid -
in this application. Howsvor, it did give somc valuable informa-
tion on tho frictional charactoristics of various surfaco troat- :
ments which will bo discussecd,

Be Etching by Acid

Farly in tho program it was observed that smooth-rollod <
discs caused difficulty in cupping, This was ospooially true in .
drawing in thosc cases in which intcrmodiatc annoals wero omittod. '
Thoso difficultics worc decroased whon tho surfaces woro etched by
troatment with acide It was considored that theso difficultios
woro due to inability of tho lubricant to cling to a smooth surface.
It is also.concoivablo, howovor, that the immedinte surface was in
tho form of a layer which is hard and brittlos This surface layor
wourd bo roadily romoved by acid troatmont becauso of tho groator
chomioal roactivity of this matorials At any rato, etching of
caso piocos botwoon drawing operations was widely practiced in
tho atoel case program to considerablo advantage.

Tt T.".

Cs Rough rolling

It was found that for small arms cases, rough rolling
could bo substituted for the etching process in tho cupping of
disces This wans finally usod in stool casc manufacturoc as a
mothod of proparation ol tho discs or strips that woerc to bo
Ao008snd into cups,

De Copper plating

Rathor oarly in tho stool caso program a vory dofinite
lubriocation advantagoe was obtainod in drawing small arms casos
by olectroplating approximatuly 0,002% of coppor on tho stool
discs, This deposit wus thick oenough so that the coppor romainod
on tho surfaco through soveral draws and theroc was no nocnssity
- for etching in those casoss This tochnique had boon employed in
wiro drewing and at loast one instance had beon reported in which

1T B AT T SN TII SRR 1 § I Sl - S

"l

light gaugo motal strip for shaping oporations is boing eleztro- ﬁ
plated right from tho rolling mill line, N
It was considered, howovar, that in the event that the 2;

-8teel case supplanted the brass case on a major scale, tho i
eloctrolytic equipment required would be prohibitive, é?
N
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Conscquently, another technique was borrowed from tho _C
wire drawlng industry. Thorc had boen dovelopod a copper dis- ™
placomont bath that gaveo a bright, adhorent, cxtremely thin copper ~
deposit. This t}lizod a patontod proprioctary formulation called ;;
Cuprodine Salts\™, Although tho doposit formed was very thin, ?5
it novertholess was largo in comparison with intor-molecular -
distances. Thorcfore, this doposit was vory effective although it "
had to bo roplacod betwoon oporations sinec the coppor coating =~
was usually broken ncar thc baso of tho casos This tochnique was -b
almost universally adopted for small arms cases(1l), Tt was usod =
for a'vory short poriod of timo by one contractor on artillory =
casos, with roportodly promising rosults, but its usoc was pro- iy
hibited by directivo shortly afterwards. Tho only roason ascor- hG
tainod for this directive was that tho procoss used coppor salts S
which woro critienl at that timoe, Howover, this argument dcos not N
appoar t0 bo very strong on tho basis of the small amount of coppor ga
roquirod (Cuprodino salts contain 28% coppor)e The bath is usod =
at a concontration of 3-5% salts in 3% sulfuric acid. This tochniquo N
appoars promising and is consiicrod desirable as a surface pro- {#
troatmont. It may bo seon from tho data in Tablo VIII that “his 3
troatment rosulte in roducod draw forcos, particularly with amulsion Be'e
lubricantss In addition, it was found that in shop tests on calee30 :
and cal..50 stool cases thorc was a sharp inoroaso in tool lifo for i
cuprodinod piecos as comparod with non-cuprodinod piocos with both e
stool and carbido lics; this incroasc was groatost undor conditions ng
in which circulatod omulsion lubricants woro omployod. 3;

E. Load Coating B
:\T‘]

One manufacturer(lz)utilizod a load coating of 001" - $$
«002" thicknoss obtainod by dipping tho casc piecos into a flux, o
thon into a molton load bath containing about 7% tin, and finally gﬁ
into a chambor whoro tho oxcoss leoad was removed by contrifugal AN
forco, "This was appliocd at altarnato drawing oporations. This ﬁi
hag yioldod vory good drawing porformanco when usoed in conjunction )
with non-pigmonted, non-swlfurized omulsions and carbido dios, N

5

*This company had proviously boon using such load coatings for
corrosion rosistanco and consequontly had tho roquirod oxporioncoe
Thore are somo .3isadvantagos to tho systom, such as tho burning~-out

77

i«

S22
S

s

of load pots, poisonous naturc of tho leuad, nocossity for skimming E;
tho load pot and scraping the centrifugal chamber, uso of oritical o
tin, otec, In addition, whon 90 mm discs ccated with load woro ﬁg
cuppod at Frankford Arscnal tho load was oxtruded off and was N
inoffoctive, indicating tho nocoessity for s ocial oxporioneo with :i

this typo of coating,

H N
%E!:
54

o]

| Both tho coppar and load provide dissimilar motal to the
two stool surfaces sO that the tondency for welding is roeducod.
Boing ductile motals, tho foree roquirod for deformation is not
as groat with thego doposits ag with coatings like asulfido

. (Tablo VIII).
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It was also rcported by one contractor making artillory
stocl cases that good porformance was obtained by using & 0.,0005"
oloctrodoposit of silver on tho disce This doposit survived all
of the drawing operations and provided a fair measure of corrosion
rosistanco as wolle The high cost of tho silvor wans morc than
balancod by roduction in pickling and cleaning operations betwecn
draws.

s gulfide Coating

Quite early in tho stool casc program a sulfurized tallow
containing small amounts of watcr was used in tho drawing of 105 mm
casess This mothod{13) was adopted from the plants drewing soam-
loss stocl tubing. The work was immorsod in tho molton lubricant
until a black deposit was formed on the surfaco and tho oxcoss
drainod off to loavo a thin film of tallow. Tho work wns thon
drown, usually in tho absonco of applicd coolant. ‘this lubricant
had a most disagroeable odor and some difficulty was met in attompt-
ing to hoat tho oil and water mixturc without bumping or spurtings
In addition tho wator had to bo roplaced poriodically.

Sovoral of tho manufacturers testod this method and
discardod it mainly bocausc of tho disagrecablo odor and mossy
appoaranco,

Onc of tho most successful contractors modified this
mothod to uso a sulfurized soluble oil to supply the sulfide
(or partially oxidized sulfide) coating and circuletod a coolant
of similar composition at tho pross{12], while this product had
a loss offonsive odor than tho sulfurized %tallow and wator, it
was still vory mossy and disagrocablo. In addition, the heat
gonoratod during drawing is groator bocauso of the highor rosist=
anco towards doformation of sulfido doposits, (Table VIII).

G. Phosphata Coatings

A small amount of oxperiencoe was accumulated with phosphato
coatings, particularly by tho Bondorite procoss{l4ls mhis process
4id not attain widosproad usc in this country although one manu-
facturor roported good resuits for this whon used in conjunction
with a circulatoed fillor boaring lubricant (Table VI)s Tho groatost
disadvantago agcribod to this systam by tho contractor was that tho
filler settlod out. This, howaver, may bo roduced by the usse of
tho. spocial fillorsbearing lubricant doseribod carlier in this
roport.

This phosphato coating followed by a prolonged (45 min.)
soak in diluto soap solution was widoly used by Fronch plants
mapufacturing stoel cases for the Germans. Good parformance has
been roported for this procodures
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He Rust Coatings

Tho usce of rust as a drawing lubricant dates back several
conturics to tho carly days of developmont of the wire drawing art,
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The procodure dovolopod in drawing stoel wirc had an influonco on Fis
lubrication in stcol casc drawing so that it may bo well to digross Cf;
for a while and givo some spocific information on tkhis, :&}

nt X

In tho dry procoss (15) (16) of wire drawing the coils of o

wire are usually picklod and inadoquatcly rinsod. Thay arc then ft]
stored until the desirod film of rust or hydrated oxide called the ST
Ysull" is formed. After this point it is placed in milk of lime E.i
to provent further oxidation and baked at about 100°C. to arivo X
off occlulel hydrogon. Tho wire or rod is thon immorsel in cithoer Y
a fatty matorial, powdorcd soap or othor plastic matorial boforo éig
it ontors tho diocs Usually tho wiro is passod through sovoral dios i
boforo being anncalod and rolubricatods Powderod scap is tho L
Jubricant most freguontly usod with tho sull and lime coating. A ot
groat disadvantago of tho limo coating is that it accumulatos at }3§
the throat of tho dio; it is this factor which procludos its uso -1
in stool casc drawing, ey
o] |

A "sull" coating on stool casos was usol by soveral N
contractors in conjunction with circulated pigmentod lubricants i}g
but tho roports on its parformanco wero not as promising as with L
somo othor lubricants (Table VI)e This muy have boon duo to R
improper deposits sinco rust coatings aro somowhat moro difficult AN
to control, S |
! TR

V.  LOW MELTING SOLID LUBRIGANTS (DRIED DEPOSITS) ::;'E;:
" Ae Driod Soap Coatings ta“:f::

> e u\‘.! :

1. Gongral g

Y 0

Solid scap doposits havo boon used as lubricants in BN

stool wird drawing for a long timo. Although powdorod soap is Hﬁg
ugod for the first draft (Qraw), this is convertol into a E\&s
continuous coating during this draft and is thon usod for ono or b3
moro additional drafts, In addition, driol fat or wax and soap ]
omulsions wore used in wiro drawing and the drawing of stool auto S
parts, Tho Bricgoport Brass (o. succossfully utilizod dricd soap N
as tho solo lubricant in brass cartridgo case drawing. Howover, Q%ﬁ
it ramained for the stcel cartrilgo case program to accontuate }{;§
and omphasizo this mothods Theo pioncers in this woro tho Norris IR
Stamping Co. 17), which utilizod an unmodifiodl soda tallow soap, 550
and tho Corcoran Brown Co,(18) which used a soap containing a RSTN
major Proportion of borax and wator with only about 25% soap. v
This dried coating tochnique was widoly adopted by artillery stcol i}}ﬁ
casc manufacturcrs cad is oro of the most promising lubrication :{{Z
tochniquos for cartridgo case drawing. .8 such it lescrves a A
rather comploto discussion in this report. 5%;
ARy
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It may be pointed out that in almost all casos tho
application of dried soap doposits followod pickling operations.

§§ This resultod in more or less rusting, There is rcason to suspoct -
i_ that those light rust films play an important role in this lubri- -
9 cation technique sincc sovoral unconfirmed roports have becn 4
Eq rocoivod indicating worse rosults whon rust is absonte On the »
i‘ other hand, the Norris Stamping Co. roports that when rusting is <
éﬁ oxcessivo tho pioces must be ropickled to obtain good performanco. 5
,@ It appoars that tho physical form of tho doposit 2
' rathor than tho chomical composition is tho factor govorning tho %
porformapce of driod dopositse Thus, some experimental results -

worc obtainod in drawing cal, .30 stecl cases with dried deposits \

from a concontratod soap solution and fram an oqually concontratod &

amulsion containing fat, sulfurized fatty oil and chalk filler in 3

addition to tho soap. The emulsion resultoed in a doposit that =

was soft and somowhat tacky whoroeas the soap doposit from a soda !

tallow scap was considorably hardor. Tho shop tost data (Table X) §

showed that the doposit obtained from the cmulsion was considorably X

b inforior to that from unmodified soap, ovon though tho additional Q
‘: wold provontivos wero prosont. o
'jfj 2. JApplication g
B Tho genoral mothod of application of tho driod soap ~§
2 coatings was as follows: Tho soap was dissolved in hot water to )
. the oxtont of from 12 oz./gal. to 22 oz./gal. Tho actual con- -
‘ contration was usually scloctod such that undor the conditions of .%
application tho coating was not visibly percoptible but could ﬁ

bo dotedtod as a small deposit upon running a fingernall along a ﬁ

distanco of approximatoly 2 inchos, Tho soap is maintained at ~

aifforont tomporaturos for difforont moans nf application. Some Q

examples of thesc that wore successfully used in tho stool case &

. program arc as followsi ﬁ

-(a) Dipping Method, The work is raeked so tbhat 3

casos Ao not touch at tho sides and thon immorsed in tho soap R)

solution (12 to 22 0a./gal) maintained at 180°-210°F, Tho work 3

is allowed .to romain in tho hot solution for 3-5 minutos in order 2

-
.

that it may bocome hot and causo tho water %o evaporatu more
rapidly upon being withdrawn. The rackod case piecos aro with-
drawn -and allowod to drain to prevent the formation of pockots
of lubricant on the insido and to sllow ovaporation of tho water.

AT

. {b) Flow Methode Tho 2age piroces are placod on &
convoyar systom and brought into tho chambor of a machine in which
soap 3olution (about 20 oa./gal.) is pumped into tho inside and
flowod over the ocutside of the draw picces Tho soap solution is
maintained at 160-180°F,
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(c) Spray Mothod. Tho casc piocos ars sprayed
with goap solution (16-18 o0z./gal.) maintaincl at about 140°F,

(d) Rumblor Method., This methol has been usod
in the casc of small arms cascs for coating with oil and soap
omulsions rather than soap solutions. The rubbing of the caso
piocos against onc andthor tonds to romove the deposit, but this
has btoon usod succossfully., mainlv beocauso tho coating roguirod
for rood porformanco is vory thin.

Aftor boing coated with soap by tho above
mothods it is nocossary to romove tho wator as complotoly as
possiblo, Tho succoss 5f tho driod soap mothod doponds to a
largo oxtont on tho drynoss of tho doposit. In tho caso of tho
dipping mothod, tho hoat of tho casc piccos thamsclves is rolied
upon to romove tho wator. This has boon succossfully dono
commorcially but allows loss control than baking methods, In
tho flowing and spraying mothods tho conveyor carrias tho caso
piecos into a chambor throuph which hot air at about 300°F, is
being eirculatods Tho timo for this troatniont is adjusted to
yiold a dry doposit.

3. Concentration.

It may be observed that there is considerable
variation in the concentrations used by various contractors.
Some of the contractors had obtained good performance from films
so thin as to be barely perceptible even on repeatedly funning a
fingernail over thoe surface, This was also found to bo tho caso
in somo oxporimonts on cal,.30 stool cases at tho pilot plant sot
up at this Arsonal. Whilo oxtromoly thin films aro profarablo on
tho basis that loss matorial accumulatos at the throat of the dio,
this condition somotimos makos it difficult to dotormino whothopr
any coating is prosont. Honoco it is dosirabls to havo a sufficiont
thicknoss as to bo discornable upon running a fingornail along tho
caso, Somo low spocd drawing tost data for various soap concontra-
tions aro givon in Table IX.

e Bxcessive Lubricant on the Insido of Casos.

In somc oxporimaonts on tho uso of driod soap as tho
lubricant in drawing brass casos, it was obsorvod that caso piccos
fracturod whon an oxcoss of soap, ospceially that which was in-
complotoly driod, was prosont on tho insidc of tho caso piccos In
somo of thoso casos pioccos in which fracturo did not occur, thoro
was & sharp riso in drawing tonnagos. This samc offoct has boon
roportod by Swift (20)for stool discs. It is quito probablo that
this can occur with stocl casc piccos in tho ovont that an oxcoss
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of liquid lubricant is prosont on the insidc of tho easc pioeo,
Cno possible source of this condition is tho usc of a water-baso
lubricant in hydraulic strippors in such a way that some liquid
clinging to the punch is introducod into the noxt caso pieco;
anothor causc is improper drainago of the casc piecos.

3¢ Typo of soap,

There were two goneral types of soaps usod in this
program viz: unmodifiod tallow soda soap and built-up soaps con-
taining largo quantitios of alkaline salts, Somo proprictary
formulations of tho latter type ware Gilron 1033, F, 8. Sales
638, Chandler 91. The first of those, parvicularly, was widoly
usod and containoed about 50% borax, as did also the Chandlor 91
(40% borax), The F. S. Sales 638 co?tained a mixturo of alkalino
salts including sodium metasilicato 2],

i

Somoe oxporimontal work on cal,.30 cases at an Arsonal
prilot plant set-up indicated that thoro is no differenco in per-
formance botweon theso soaps and unmodificd tallow soda goap.
Excollont rosults havo also bacn obtained by somo of tho most
succossful contractors with unmodificd tallow soap, Tho claim
has beon made Tor the built-up soaps that thoy dry moro readily
than ummodified scaps. Wwhilo the salts in thoso soaps orystallizo
roadily giving this improssion of quickor sotting, it is con-
sidorod that the rato of ovaporation is the same in each caso,

Tho disadvantages of tho built-up soaps aros

as Tho proprictary formulations are ovorpriced,

be Largor quantities of soap arc roquirod for a
particular film thicknoss.

¢s» Tho coating is more brittlo and apt to be
chippod off.

d., Some of tho alkalinc salts tond to absord
moisture which is oxtromely dotrimontal to this type of lubrication,

6. Foaming.

A major problem in using hot soap solutions has boon
oxcossivo foaming, This has beon ospecislly true in cases in
which live sicam has beon usod as a sourco of hoat, as is in-
evitable in many plante. Norris Stamping Co. reports that ox-
cossive foaming can be kept undor control by preventing tho
tamperature from dropping bolow 160°F. Other contractors used
verious anti-foaming agonts. The use of koroseno was raeportod at
one rlant, Tho uso of small amounts of potroloum solvents such
as Varsol has boon found to be offcotive at Frankford Arsonal
in controlling the foaming of 1/2 to 2% soap disporsions.
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7« Powdering,

The powdering of thc soap on casas during handling
was a problem. One nlant solved this by installing exhaust
vents at th¢ prosscs; another supplied personnel with protective )
masks, One of the plants that circulated oil as a collant did
not have this difficulty.

T

8. Stripping of (nsc Pioces.

In romoving the case pisees from tho puach in the !

lutor draws somc difficultics ware experioncod with mechanical 3
strippers when usiig dried soap deposits, Thic is one disud- Q
vantage of this typu of lubrication, sinec the lubricant itself x.
carnot be used us the fluid in hydraulie strippors, The major v
aspoets of this difficulty wero ssttled by using ah cmulsion L
lubricant only as = hydraulic fluids Since an excess of liquid ’
on the ingide of casos can causo troudbls, as montioned above, "
caroc must bo oxsreiscd to koep this to a minimwa =nd some ingenous -
dovicos have beon made to avoild thise %
9+ Coolunt., %

In tho early part of tho prograa some contractors ;

used a low viscosity oil* as a coolant., This sorved, in nddition, !
to koop the powdoring of tho soap to a minimum, Hiowovor, tho s
largor numbor of contractors did not uso a coolant und no diffi- R
culvies wers roported ia this rospoct, oxcopt a higher tamporatwro o
lovol of the tools. !
—~ o

N

Bs Viax Coatingzs. &

Tho good porformanco of low melting, solid coatings is by ﬁ

no moans confinod to driod ¢onp doposits, Tho low spesd drawing ﬁ
tost results ror sovoral waxos wore found 0 be tho samo or bettor 5
than thoso for driod soap {Table VIII). Williams (19) has pointed &
out that thc application of cortain wax doposits causos largo 9
docroasos in tho back pull of a wiro drawing machine, E
Those results have boen confirmed by the production tost v

rosults obtainod by two contractors to the Navy Dopartmont with Q
wax omulsions (13) that wers dried on tho cases. The production §.
figuros in thoso casos comparcd favorably with driod soap doposits, &:
Good performancoe has also been obtained ~t Frankford arscnal with A
doposits from wax emulsions, §
Tho perticular wax that has achieved considorable populare !E

ity in this applicntion is Plastool 268, This is a 10% wax emulsion L
in wator ond is dilutod with 1/2 to 1 part of weter, y
*For somo time a light minoral oil containing 5% lard oil was used, &
Soro axperimonts in drawing cal..30 steol cases in tho pilot plant hj
set-up at this Arsenal indicated that an unmodified petrolown oil )
of vigcosity of 100 sec/100°F, 8,U.V. was cqually satisfactory. b
Sinco the former 0il cost &5 cents/gal and tho lattor 17 conts/gal, 7
this is a factor to be cousidorod, 5
-15- )
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On the basis of theo above, it is quitoc probable that a
good many low melting, plastic, solid coatings arec as suitable as
dricd soape Some of thosc may be preferablc to soap in componsat-
ing for thc tondoncy for somc soaps to absorb moisturo on storage
in moist atmosphores (which dostroys its offoctivoness) and in
providing somc tomporary corrosion rosistance botwocn operations.

VI, TAPERING LUBRICANTS

At various stagos of the gtocl casc program difficultios
worc oxporioncod in tapering the cases. One of tho most important
factors so far as lubrication is concorned was application of the
propor amount of lubricant since, in these oporations, oxcossivo
lubricant rosultecd in bubblos or folds while insufficiont lubri-
cation rosulted in dic build-up and scoring, Somc contractors
using driod soap in drawing woro quite succossful in utilizing tho
rosidual soap film plus a vory thin film of light or modium minoral
oil or fatty-minoral oil. Othor contractors utilized undilutod
paste typo compound smoareod to give a light film, Still othors
were succossful in using thin films of lard oil or sulfurizod oils.
As in drawing, tho introdvetion of earbido dics rosulted in con-
siderablo docroaso of lubrication difficultios in comparison with
stool dios in taporing oporations.

VIiI. RECOMMENDATIONS

Tho following lubrication methods, on which spocific data
aro available in this roport, scom most capablo of supplying
adoquate lubrication in stool drawing undor most conditions:

le Driod soap »r wax doposits, proforably ovor a vory thin
rust or immersion flash copper donnsit.

&, DBmulsion lubricants containing modorato amounts of re-
active sulfur and fillor (proforably of vory small particlo sizo)
usod in conjunction with a surfaco protroatmont t» yioeld a thin
film of immorsion flash copper, load coating, rust coating, sulfide
coating, or phesphate coating.

3¢ Carbido dies of appropriato composition and quality and
amooth, proforably chrome-plated, punchos used in conjunction with

eithor of the above.
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Fole
Fo le
FOA.
F.A,
Fedo
F. Ao
Fole
Folie
Fels

Ord.Lab,
Ord, Lab.
Ord.lab.
Ord.Lab.
Ord.Lab.
Ord.Lab.
Orde.laob,.
OrdsLabe.
Ord.Lab.,

R-143
R-190
R-260
R-292
R-293
R-394
R-575
R-318
R-238

REFIRENCES

January 1942
August 1942
Docambor 1942
April 1943
April 1943
Scptamber 1943
Dccomber 1944
Apr i1 1943
Soptomber 1942

Saukaitis U.S. Pat., 2,217,921 Oct. 1940
Gardnor, G.S. Metal Finishing 41 212 .ip
TFeAe OrdisLabe R=545
FeAe Ordelabe R-135
FeAs Ord.Lab., R-469
Bonzol - The Drawing of Steel Wire Enginoors Book Shop, 1935

Goodacre Gonoral Discussion on Lubrication A.S.M.E. III 68 1938

Arnold:

Soptombor 1944
January 1942
Fobruary 1944

Stecl 115 102 Doces 25 1944

Spring
"

"

n

"
Spring & Schwarz
Spring
Spring & Schwarz
Spring

'43

Spring

McVoy & Yearloy
Spring

Pattarson CeLs and Turner,H.R., am fache 87 113 (1943)

Williams, ReCey Ind. Eng, Chom. _2_1

Swift, Heley Iron age Juno 1940

64 (1935)
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TABLE I e

——— FalC

Correlation Betweon Some Falox Tost Data and Somo Controlled %ﬂ!

Shop Test Data Obtained in tho First Draw of Cal..30 Steol wl

Casc with Steel Dios -

.:":j:

Falox Tost Rosults ij

Ranking in Transition Point# Y

Lubricant Shop Tost Composition 4 B c N

:*f-.‘§

Alco DAXO Spoce 1 Fillor+Sulfur**  -* - - e
Aleo DALO 2 Fillor+sulfur 2830*% 3000 2830 Wy
Houghtodraw 160 1 Filler+Sulfur ~% - - ;ﬁ;
Sholldraw S-1 3 Fillor+sulfur 2750 3000 2750 Qfé
Richards FS + Sulf. Basc V 3 Filler+sulfur 2830 3000 2750 S5
Gilron 155 3 Fillor+Sulfur*** 2830 3000 2750 Nad
Ironsidos AF-11 2 Filloer 2375 2830 1560 M
Richards § Spoc. 4 Sul furwior 2250 1750 1750 o
Richards S Sulfs Basc + V - Sul fur 2670 3000 2420 ﬁkﬁ
Stoolskin CB-1 5 No, E.P. add. 1750 1250 1500 ROR
RN

LR

f%$j

* In anothor scrios of tosts thoso throo gavo ogual Falox rosults which et

woro bottor than thoso obtainod with Gilron 155 or Richards FS.
* Fillar of smaller particlo size than Alco DALO.
W% aulfur contont a haphazard constituont of tho dogras contont,
kX yory low concontration of sulfur.

# Soo Tablo IV
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“ Somc Roprosontative Shop Tost Data Obtainod in tho First Draw of Cale«30 N
Stool Casos Using Cuprodincd Piocos and "Loaé-Lappod" Graph-Tung Stecl Dios

§% Dio Life

; Tools Teols Tools

Lubricant A B C

Gilron 155 8,549 4y735 11,360

84415
7,854

Ironsidos AF1l 15,378 9,141 -
11,121

T S

CnrEy
>

”~

Fo»
1
‘e W EPLPEIEPLIN SOX N P T A
i@ s L@ e e

.
RV s

Mco DA 10 23,298 71590 -
7,029

Alco DA 10 Spoecial 10,858 13,984

27" s

»

DAZXL X
. -
A

.
..
AN

Houghtodraw 160 10,294 -
13,850

Stoolskin 72 Batch I¥ 12,870
Batch II** 4,140

1 .
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e N

} K>
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* High Falex Test Values N
%  Tow Falox Tost Values :
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TABLE IV

4, w3 v v

PERFORMANCE OF IMULSIONS WITH AND WITBOUT ADDITIVES IN THE FALEX TEST

3
A

Soda soap used as amulsifying ogont. IMach composition diluted 1:3 with
wator boforc usago,

i 2 LA

Transition Point* Conditions of
Composition A B c Tost Parts 3
1. 84 soap 25% tallow a) 2250 1750 1750  Poor :
h) 2500 1750 1750 Poor “
2. 8% soap 254 dogras a) 2750 2750 2750 Good**
Samplo I b) 2750 2750 2750 Good**

c) 2750 2750 2500 Good¥*
d) 3000 2750 2000 Good**
Samplo II 6) 2750 3000 3000 Good**
f) 3000 3000 3000 Good**

]

5

‘\

"w

\

P Y

B

3, 8% soap 25% lanolin aj 2000 1500 1500 Vory poor N
b) 2000 225¢ 1750 Vary poor E

Lo 8% soap 25% lanolin a) 2750 2750 2500  Good** 4
plus 2,5% Quakordraw b) 3000 1500 2000 Faip** _;‘-‘

45 2750 ﬁ

5. 8% soap 25% lanolin a) 2750 2750 2000 Fairoe ”
plus 2,5% sulfurized b) 3000 2500 2000 Faiph¥* :~j
lard oil v

Z

6« 8% soap 25% tallow a) 3000 2750 2250 Good ‘g!
plug 2.5% Quakordraw ~ b) 2750 2750 2750 Vory good*** i

45 ¢) 3000 2750 2750 Vory good*** E}

7+ 8% socap plus 2,5% a) 3000 2750 2750 Very good*** }.
-

’ 1

Quakordraw 45 b) 2750 2750 2750 Vory good*wk

* Ppansition points dotormined as follows:
Ao Jaw load at point at which, aftor 1 minuto, woar occurs to such
-an extont that 10 or moro teoth on tho loading whool aro necessary to
*  tako up tho additional clearanco botwoon journal and boaring and rostoro
tho jaw load to its initial valuo,
Be Jaw load at which a drop in torque roading occurs, during tho 1
minuto run, of 2 lb, inches or moro.
Ce Jaw load at which tho slopc of the jaw load vs. terque curve
~ suddonly docroasos.
Wk mogt parts blackonod by formation of sulfide.
Wik mogt parts blackoned oply within tho woar scar.
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Bffcet of Particle Size of Whiting Filler on Falex Tost Results

v

5
»
LA
-
T
L3
>
-
i
¥

Condition of Test Parts
Aftor Run to 2750# Load

Lubricant containing I II
le No filler Very poor Vory poor
2. 12% unseparatod filler Poor - -
3¢ 12% Fraction III Fair -~ -
be 6% Fraction I Poor Poor
5 " II Poor Poor
6y M " III Fair -
¢ " " v Tair Fair-Poor
8, v n v Good Fair-Good
9% 4% v ¥ Good Good
10, 3% ® v Good Fair-Goad
11l 2% " v Fair Fair
12, 2% " VI Fair Fair

Fair-good Good

Notos Particlo sizo of filler deocreasos as fraction numbor incroasocs,
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TABLE VII

Availoble Informetion Conecrning Lubricants Mentioned

in Tablos VI and VIA

Lubricant

Gilron 1033

Gilron 1038 oil

Montgomory S-5

Vladham's VPD-269

Richards SB

Richards Baso V
Sturaeo

Richards Lubro #19

Zophyroid Compound

Richards Vastoloin

Shell 2151V

Gilron 155

Warco 1673

Quakor 74

Stanicool Sol, cil

Infornation

A built-up soap conteining about 50% borax,
25% water and 15 soap.

A 5% lard cil - 95% minoral oil blend.

A sulfurizod tallow containing a small
amount of wator.

A matarial similer to Montgomary S-5 excopt
that it is sulfurized soluble oil,

A soap and fat omulsion containing a reactive
sulfurizod fatty oil.

A Monecorrosive® sulfurizod fatty oil basc.
Sulfo-chlorinatod fatty cil base.

A soap (157%) ani mineral oil {35%) emulsion

containing about 5% froe fatty acid and little

or no fat or fatty oil.

4 potassium soap (659:) containing about 35%
water and 0.3% froo fatty acide

4 potassium nnd sodiun soap (25%) paste
containing about 75% wator and 0.3% froe
fatty acid.

A pignontod (ehalk 40%) compound contairning
35% soap, fat and fatty acids of which 10%
is soap and 2% froc fatty acid.

A dignontod (chalk 157) compound with a wool
groaso baso (0.05% sulfur) containing 104
soap, 37 frco fatty acid and 157 fat.

A solublo cil containing l.5% sulfur as
sulfurizod fatty oil, 2% chlorinc and 50%
fatty oil,

A soluble oil.

Solublo oila
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TABLE VII (Cont!'d)

Available Information Concorning Lubricante Montioned
in Tables VI and VIA

Lubricant Information

R Garia 27A, Monco 0il 0ils usod in conjunction with driod

soap coatings and prcbably roesambling
Gilron 1038 in compcsition.

Macco Prode Lubricant, Probably omulsions of asoap and oil
Lubro #2, ‘Int. Rof. €Oe Lub., or fat and fatty acids plus wator,
Forgusson 394, Chandlor 1170. Convontional type drawing luabricant,
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TABLE VIII :

LOW SPEED DRAWING TEST DATA FOR VARIOUS SURFACE PRETREATMENTS
4th Draw Cal..30 Stcol Cnsc at 3 inchos/ain, "
1St Wax, 15 Min. 2nd Wax. Tubrication
Lubricant Force Forco Forco Indox :
_1bs. 1bs. 1bs. 1bs, :
Puulsion - 31¥ (1:2) + Bare Steel 7060 2800 3100 12,560 -
Bnulsion -~ 31 (1:2) + Cuprodinod 5640 24,90 2960 11,090 )
Dried Soap - 12 az./gal, :
Bare Stool | 5780 2320 2660 11,010 .
Dried Soap - 12 oz./gal :
Cuprodined 5820 2260 2660 10,740 .
Bmulsion - 31 (1:2)+Light )
Bonderite 5790 27,0 3060 11,590 )
Bnulsion 899%* (1:8)+sulfide from ’
Sulfurized Scluble oil 6620 2830 3400 12,740 \
Similar 6 - Cuprodined prior to .
Sulfiding 6690 2870 3430 12,980 N
Similer to 6 - Sulfurizod soluble ' .
oil Bmulsion 6350 2540 3100 11,990 ;
Driod wex Bmulsion A + Baro Stecl 5560 2330 2630 10,510
Driod wex Baulsion B + Baroc Stoel 5030 2190 2490 9,730 ;
Conteining sulfur and finoly divided chalk '
I
Unmodifiod fet and soap omulsion \
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TABLE IX

i

ZFFECT OF CONCENTRATION OF SO4LP USZD FOR DRY COATING ON FORCES
REIQUIRED TO DR.AW COPPFR-COATED STEAEL CASE PIECLES

PR o7
o

CEPE

Lth Draw Cal..30 Cases at 3 inches/min.

.§§§?< .

’\

‘-

Y Cencontration of No, of .

Ny tallow soda soap (FXS-405) Pieces Lubrication Inlex .
&

. R

1. 3 cz/gal 10 13,140
2. 5 oz/gal 10 12,340
3¢ 5 oz/gal 15 10,810
4e 8 cz/gal 15 10,540
5. 11 oz/gal 15 10,790
b 15 cz/gal 15 10,460
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TABLE X

IIFECT OF PHYSICAL FORM OF DRIED DEPOSITS

Shop tost data in drawing c21..30 stoel casc pioccos with Graph-Tung
Stocl dies,

Tool Lifo
3rd Draw 4th Draw
(Dried doposit from) Tost I Tost II Tost I Tost I

~,"JMBY¥ 1" T 7 R £ AJEERI Y ¥ ) >

1, Soap (12 oz/gal) 11,850 - 541 626

2. JPmulsion lubricant 1,216 5,200 320 302
containing additivos*

ST ST R A,

* composition

-

LL i

Soap 124
Tallow 249
Whiting 125
Sulfurized additive 1 1/2%
Water 50 1/2%
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APPENDIX I

THEORETICAL BACKGROUND OF DRAWIIG LUERICATION

Ae Friction

1. The Nature of Metal Surfaces

Metals are crystalline materials and their surfaces
are similar to the bulk of the metal in many respects and dis-
similar in many others. Depending upon the method of preparation
of the surface, this will consist of many irregularities and
fragmentod crystals (Fig. 2). Thesc arce of irrogular shape in tho
caso of ordinary machinod surfacos whilc in the caso of Suporfinishod
surfaces, which arc prepared by onc of the finost grinding tochniquos, :
much of tho fragmontod matorial is romovod and tho surfaco, thon con- '
g8istas of u serios of broad plateaus and shallow valleys 37) (Fige 3)»
In any ovont, tho surfaces of machined or ground motals are not
exactly plano and consist of a sariocs of olovations and doprossions

of grcator or lossor magnitudo, deponding upon the mothod of
manufacturo,

This boing tho case, whon motal surfaces are prossed
togothor or aro allowod to slido ovor ono another, tho actual aroa
of contact botwoon thom is consideorably smallor than the apparent
aroa of contact. Bowdon and Tabor (3) have detormined, by means
of conductivity nocasuromonts, that in tho caso of lightly loadod
surfacos: tho arca -of actual contact is as small as 1/170,000 of tho
apparant aroa, Whan tho load is inerocascd, tho peaks on tho surfaco
tond to bo plastically doformed and tho arca of actual contact is
incroasod so that with vory hoavily loadod surfaces this area may be
as high as 1/30 of tho apparent aroa.

. N EERE - B T e ssmme- = & - =

\ Whon tho machining or grinding process is porformod with
tocls or abrasives that aro dull or glazed (loaded), therc is a
tonéoncy for tho motal to flow or bo smoarocd ovar the surface rathor
than cut off. Wwhon tho amount of motal which has boon caused to flow
in ‘this mannor is small, this has the offoct of increasing tho arca of
contast that may bo roalized whon such motal surfacos aro prossed
togothore On tho othor hand, whon a considorablo amount of metal has
boon doformod in this mannor, %thorc is a tondoncy for this metal to
flako off whon subjoctod to ropeated sliding motions under high
Progsuro, f is is gonorally dotrimontal to tho applications con-
tomplatéd.( This surfaco layor has proportics that are considor-
ably difforent from tho bulk of thc motal, somc of theso boing

grogter hardnoss, brittlonoss, and chemical roactivity. It has boon

- ‘roportod that this layor is froquontly transparon% so that scratchos
bolow this layor are visiblo,
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2. 8liding Friction

In thc casc of the sliding of dry or imperfectlv lubricated

surfacos ovor onc an?t?er, friction has boecn found to econform to tho
Amontons Coulomb law b .

F =§p

where F 1s the friction, P, the total load, and B, a
constant of proportionality, which is commonly called the coofficiont
of friction. Friction, under thesc conditions, has boen found to
bo indopondent of the apparcnt area of contact and the relative
veloclty of tho surfacos, over 2 rather wide range of volocities,
but is dopondent upon the nature and surface of the metal. The
roason for this lack of a relationship botwoon friction and aroa
had long been considered a mystcry but is probably oxplained by tho

small arca of ac?usl contact botwooen sliding motal surfaces as
montionod abovo,\4

At ono timo it was considored that friction was due to
an intorlocking of tho hills and vallcys which constitute metal
surfacos, (1» 21) but this viow has been suporseded by a more modorn
and logical concopt basod on the thoory of molocular attractions
(1o X4y 33)s According to this concopt, whan portions of one motal
como into vory closc proximity with anothor motal surfaco, tho
forco of intar-molocular attraction bocomos vary large, This
rosults in welding of tho portions of tho metal surfaces that aro
in contact to form a homogonocous rogion having similar propertios to
tho motal in bulk form. Bocauso of the irrogular shapo of most
surfacos, this welding can only ocour over tho limitod area in
which tho olevations are in contact, unless tho surfacos aro pressed
togothor by very high unit prossures, In tho lattor casc tho motal
flows and larger arcas mako contact and thon wolde Whan wolding
takes place only at tho elovations, the forco roguiroed to broak
the wolds is not nocessarily vary largzo. Whon metals are causod to
slide upon one another, in the absence of vary efficient lubrieation,
theso welds form and aro brokon with oxtreme rapidity. Tho lite of
ono of thoso welds, undar conditions in which motals are caused to
slido over ono another at roelativaly high spoed h?a boon estimated
at 1074 goce(1). Tho work of Bowdon and Loben (10) has indicated
that, as a conscquanco of this wolding, rolativo motion of surfaces
aliding over one anothar takes placo by moans of a "sticke-slip"
procoss in which motion is momentarily arrestod as éach weld is
formed and thon procecds as the wold is broken. This takes place
80 rapidly that it is not apparent except when highly rofined

methods of moasuromont aro useds As oach wold ie brokan, thero is
a flash of heat genorated which results in oxtramely high tomporaturos,
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highly localized at the rubbing surface, In a sarics of axperiments
porformod by Bowden and Ridler (12)in which the s1iding motals wero
made porticns of a thermocouple 2ni the E.M.F. gonorated was

measured, it wos found that tamporaturcs of 1000°C, or more werc
genorated in the dry <liding of metal surfaces at relatively high

spood {1200 cm/soc) although the bulk of the metal was only 2 fow
degrees ahove room temperature. ihile breaking of welds results in
high temperatures, additional welding is facilitated as the temperature
is incrcased. This may lead to a "vieious circle" resulting in largo
scalo wolding under appropriate conditions.

In tho case in which softer metal is eausod o slido ovor
a hardor motal, it has boen found by Bowdon, Tabor, and Mooro (14)
that tho softor metal tonds to bo torn from its surfaco and rotainod
on tho surfaco of tho hardor motal as woldoed fragmonts, and at tho
samc time, small portions of tho hardor motal aro also torn off and
aro carriod away with tho softor motal (Fig. 4)e

Somo intercsting ovidoncs for this smoaring of softar
motals on hardor motals has boon obtaincd by Schnurmann (33) who
found that whilo tho smoared motal was not visible to tho unaided
oyo, it was possiblae, by an ingonious mothod of dovelopment utilize

ing siiver salts, to intonsify this pattorn of smearod motal so
that it bocomes visiblo,

3+ Typos of Friection

Tho wolding botwoor mctal surfacos that has just boon
discussad is rosponsiblo for tho groater part of frictional rosistancoe
In addition, whon lubrication is supplied to reduce wolding and tho
thicknoss of tho film of lubricent is aporociable, somo frictional
rosistanco is duo to tho roesistancc of the moloculos of tho lubricant
thomsolvos as thoy slide over onc anothor. In the typo of lubrication
in which a thick film of 2iquid lubricant ean bo maintainod betwoon
motal surfacos 50 that wolding is almost absont, frictional ros.stancs
is almost comploteoly dependont upon viscogity and upon the velocity
gradiont in tho oil film, In anothor type of lubrication in which
solid dcposits aro maintainod betwoon the surfacos, frietional
rosistonco is dopendont on thc force required to causo plastic
doformation of tho doposit snd friction of this typo is considerably
highor than for liquid lubricants, It is considorod that insufficiont
attontion has boon paid by many authoritios in this rield, to the
difforentiation botweon thoso two forms of frictional resistance, ond
this is considored to bc at loast partially rosponsible for the
confusicn that oxists in the litaerature on this subjects In this
report, tho frictional rosistance will be classified into two types:
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ls That duo to wolding of portions of tho motal
surfaces, and

2, That due to rosistancc ¢f the molecules of
lubricant toward sliding ovar onc another.
This may also bo rcforred to as tho foree
requirod for stross-doformation of the
lubricant or lubricant friction,

4e Reduction of Friction

Bocauso of the reactivity of motal surfacos, it is
oxtramoly difficult t- proparc such surfacos frco of contaminants,
and ovon chamically cloean surfacos have e¢oatings of oxidos of
varying thicknoss, adsorbod layors of tho chomicals usod t¢ cloan
thom, and thin films of wator vapor hold tonaciously by physical
or chamical forcos or adsorption (20), surfacos that aro somowhat
cloanor than those can bo obtainod by moans of abrasion (20),
Thoroforo, tho laws of friction obtained for dry surfacos have
roally boon devoloped on the basis of surfacos contaminatod in
this mannor, Tho primary purposo of lubrication is to roduco friction
of tho first typoe, i.0. to intorposo botwoon motal surfacos a film
of matorial which provonts tho molecules of ohe surfaco from coming’
into sufficiont contact with tho othor surfaco for wolding to occur,
This is truo whothor advantage is takon of the contaminants normally
presont on metal surfacos or matorials aro applicd that aro moro
commonly roferred t0 as lubricants. Whon this purpose is complotoly
accomplishod, frictional rosistanco is duo only to tho lubricant

-friction and this typo of lubrication is reforrod to as fluid,

visoous, or thick film lubrications On ths othor hand, it is
froquontly not possiblo to accomplish this purposo complotely,

end whon this is tho caso, lubrication 38 attainod by thin £ilmg of
talcknoss fram 1 to 2,000 moloculos,(16) This typo of lubrication
is roforrod to as "boundary" or thin £ilm lubrication and some
wolding friction is always obtainod.

Be Typos of Iabrication

Fluid lubrication takes place whon tho film of lubricant
is 80 thick that tho laws that apply to fluids in bulk aro followed.
A minimunm £ilm thicknoss for fluid lubrication oconditions aas beon
found by sovaral invostigators to be in tho ordor of 1074 om,. (15,24,
36939)e With a f£ilm thicknoss of this order of magnitudo, tho
surfacos aroc separatod to an oxtont sufficiont to reduce tho offect
of intaormolocular attrastion to a nogligible quantitys 8inoce no
welding takes plase, frictionul resistanco is dopendont mainly upon
tho viscosity of tho lubricant and is indopondent of tho nature of
the surfacos. It is alsc depondent upon the rolative veolocitios of
tho surfaces and the unit prossuros. Whon the visecosity of a lubdricant
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ig greater than tho minimum roquiroed to obtain a film sufficioently

thick so that fluid lubrication is obbtained, furthor incroaso in
viscosity rosults in excoss friction due t» tha oxtra work required

to causo motion within the fluide(®4) In order to attain a sut iciontly
thick layor of lubrieant for fluid lubrication, it is genarally
nocossary +o pay considerablo attontion to design and method of
opoeration, i,0., cloarancos, oil feed, avesol, otc. A large literaturoc
has been built up (24, 30) which concorns itself with this phase of
lubricaticn so far as bearings aro concerncd, frequently to tho
axclusion or de-amphasis of othor phasos of the subjects

whon true fluid lubrication conditions’are attained, wear

is absent, for example, an illuctration has beon citod in which

largc turbines .opsrated under fluid lubricatisn conditigns for moro

¥ than 20 years havc shown no appreciablo signs of woar, 31) In
addition co this, tho coefficlont of friction is at a vory low

valuo sinco no work is recuirod to broak welds botwoon tho metal
surrecos, A comparison among the coofficionts of frietion for
sliding surfaccs under conditions of no (applicd) lubrication,
boundary luhrication, and fluid lubrication is givon in Tablo I.(37)

Whon unit prossures aro high und spoods aro low, 80 that
most lubricants tend to drain off, and undor many othor oporating
conditions, it is not possiblo to attain fluid lubrications Undor
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'g,. thoso conditions, lubrication is of tho boundary typo, and it is

A necossary to depond upon vory thin films of lubricants. Unlor boundary
Q&. lubrication coniitions, friction conforms to tho Amontons-Coulomt law
o for unlubricatod surfaces, and lubricants of a differont type (soc
L gootion C) must be omployed in oriler to obtain any sort of satisfactory
g porformanco,

‘%i As montionod beforo, boundary lubrication conditions are
ﬁ%é% ospocially likoly to provail whon unit pressuros are high. Tho

‘; rolationship between appliod total pressure and unit pressure is,

; of course, elamontary and woll-known. Novartholess, in tho dosign ‘
~§§§ and oparation of sliding surfaces, this rolationship is froquontly :
Wk lost sight of, and dios with sharp approaches to the land or ball- ;
E{ﬁ bearings usod undor conditioms in which samc sliding occurs are too .
g}. froquontly found, This should bo borno in min? in the analysis of ,
~t lubrication problems sinco oaccasionally bearing surfacoes that cro i

apparontly undor low unit prossuros havo high unit prossurs areas that !
provent the formation of fluid lubricatlion conditionse I
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?%; Cs Boundary or Polar Lubrication ,
:i$ Boundary lubrication is accomplished by means of films i
= that aro ndsarbod on metul surfacos by forcos that arc oither physicel :
?ﬁf' (Van dor Waal's adsorption) cr chamical (chemisorpticn). The former :
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typc of ads>rption results in films of lubricant which arc hold to
tho surface by mwouk forccs of attraction and arc consequently 3isplacod
witk relative oasas  As such, they aro not cfficient under conditions
in which high shearing stressos arc applied. On the othor hand,
chaoniscrbod lubricants are held to the surface very tonatiously.
Chomiscrption is usually monomolccular and fraguently providos
congiderable improvement in lubrication. Intormediate betwoon
physical adsorption and chemisorption is another typs in which the
bonds botwoon lubricant ani motal are stronger than in the case of
tho formor and weakar than the latter. This is due to crinntation

of polar lubricants and will bo discussod latoer.

In addition to this strong attachmont to the metal, thero
is requirod for good lubrication a portion of tho lubricating
molecule that is sufficiontly large so that tho sliding surfaces
are kopt apart to an appreciablc sxtont, This effect has beon
found to be most efficiently provided by the use of fatvy acids or
similar matoriels in whick tho numbor of carbons in the chain is
greator than 14.(11 It has boon learned as a rosult of the
classical roscarches of Langmuir (27) that fatty ncids oriont thome
solves with thoir activoe (carboxylic) groups at tho surface and
with tho long chain of carbons standing out upright from the surfaco.
Although this work was porformol on watar surfaccsy substantial
ovidoneo for the fo?m%?ion of oriontod fatty acids on motals hes
also boon obtainod, (4 As a coasequonce of this orientation, the
surfaces arc Separated by a digtancs equal to twice the length of
tho chain of carbons whon theso fatty acids aro adsorbel. This
roducos tho tondoney towards welding and, in eidition because of
the lack of attraction of tho hydroecarbon portions of tho fatty acids
towards one anothor, thore is little re?%sganco against slippago duc
to molocular cohesion of the lubricant, !32

The work of Hhrdy(23) lns shown that undor boundary
lubrication conditions tho coofficiont of friotion is dopondent
upon tho molooular weight or tho length of the chain cf carbons
attachod to tho activo group and is also dependont upon the ro-
activity cf this groups Tho carboxylic group presont in fatty acids
was onoe of tho most offectivo activo groups. While metorials consigte
ing of an active group and a long chain of carbons woro offectivo as
lubricants, othor matorials contuinin; t?c carbon atoms in tho ror?
of rings warc rolativoly ineffoctivos(<4) It has boon since showa 1)
that this is probably duo to thoir orionting thumselves with tho long
axos of the rings parallel to tho surfacc sc that tho nclocules 3o
not stand out from thc surfoes to as groat a distanco as in the case
of long chains of carbons,
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While monomolecular filus of fatty scids are quite
effective, as is evidenced by a decrease ir the coefficient uf
friction from l.D to 13 in one series of experiments performed by
Langmuir with glass surfaces, (28 they tend to be worn away quite
rapidlys(11) Tt has, howover, been found possible vo build up
eontrolled thicker layers of fatty acids. This has beon dono
oxporimontallg by an interosting tochnique dovisoed by ILangmuir and
Blodgett (€s 28) in which monomolccular films of fatty acids may be
pnicked up from watar surfaces, ono 02 top of the other. It was found
a9 a result of X-ray mcasurcmonts (16) that those layors werc build
up in such a manner that tho carboxylic groups and the hydrocarbon
groups werc from differont molecules forming doublets, It may thus
be soon that it is possiblo to navs laycrs of lubricant oriocnted
porpondicular to the surfacos that aro considcrably thicker than the
chemisorbod monomolocular film mentioned abovoe It is probablo that
whon a lubricant which is offcetive under boundery lubrication con~
ditions is eppliod to & motar swrfaco, thoere aro built up layers of
orionted molosulos to n considerable thicknegs. Somo invostigators
have measurod orionted films of polar molecules that werc trom 8500
to 20,000 Angstrom units thijk, which is equivalent to 400 to 1000
moloculos of fatty acidse 6 In tho largor thicknessos, it has beon
found that the films warc approaching dimonsione suirielent for fluid
lubrication. Howover, it is probable that under high unlt prossures,
a good many of thoso moluculos aro displacods (22)

This oriontation of polar moleculus on metal surfaces is
probably due to tho fact that these moloecules consist of two soparato
portions of opposito cloctrostatic charge. This rosults in the
formation of a dipole so that thc oricntation may be likonod to tho
alignment of small magnots in a wagnetic fiold., Whon the polar
molocules aro dilutod with a non-polar matorial such as minoral oil,
tho rato of formation of theso orientod films doponds upon tho con-
contration of tho polar molocules, and at very low concontrations
it may tako an h°ufé ?r more, for an oriented film of approciable
thiocknoss to forme(<3) when mixcd polar mo.ocules are used, thuro
is proforontial adsorotion on tho metal suriace of the moloculos
with tho moro active group if thoso aro present in concuntration of
moro than C.7%; undor those conditions tno coofficient of frisction
is almost the semc as though the mors active lubricant ware prusent
alono, (29)

It has boen found that when the tamporature of motal
surfaces is raisod to some 40 or 50°C. above the melting voint
of the fatty acids, a process of disoriontation avvears to take
place which,gg?ults in the disappoarance of good bounaary lubrication
propertiea.‘ This effeoct may be importanc in view of tho fact that
Bowden and Ridler{12) have found tamporaturos in tho order of 600°C,
whon surfacos wors caused to rub against one anotanor at high spsed
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even when fairly efficicnt boundary lubricants werc employod., This
disorienting cffect has also been obsurved in some oxperimonts per=
formod by the writer, in which relatively thick films of acid soap were
adsorbod by prolonged immorsion in diluts soap dispersions. 35) The
thickness of the film adsorbed as well as lubrication performance

was considerably reduced when the immersion was at 60°C. instead of
room temperature, This effoct complicates studies of boundary fub-
rication to a great oxtont since actual tcemperatures at motal surfaces
undbr most conditions have not been accurately determined. This is
espocially truc in the case of :rotal forming operations such as deep
drawing in which hoat is also ganerated by distortion of tho metals
Howover, it is probable that surfuce temperaturos aro quitc high.

It is obvious on the basis of our discussion of metal
surfaces, that under lubricatod conditions tho rougher the surface tho
groatar is the opportunity for contact between tho high spots or pecks
of the surfaces with consocquent welding, Tho thicker the fium of
boundary lubricant adsorbed, tho groaver is the roughness of tho
surfacos that can bo tolerated without thoeso high spots making contact,
Thus it appoars that boundary lubricants are more effective when tho
surface of journal bearings ars roughor.(3 It has been found
gonerally advantageoug to koup surface roughnoss to a minimum in
which case unit pressures are also reduced because of the greater
eroa of contact, and the thicknuss of boundary lubricant requirod
for optimum performance is roduced,

It may bo mentioned that the classical mechanism cof
boundary lubrication, due to soparation of tho surfaces by adsorbed
films of orionted molecules with slippage taking place at the hydro-
carbon or inert onds of tho polar molecules, has been modified by
Boeeck and his co-workers.(5) These investigators found that at
relatively high spoeds, thore was a drop in the coefficioent of
friction when polar moloculos were used which was ascribod to a
"wodging® offect in which additional quantitios of lubricant wero
forced in betwoen tho layers of orientod moloculcs to causo groater
soparation of tho metal surtaces and consoguently botter lubrications
Howovor, it 18 probablo that this type of effect car occur only under
very special circumstancos and that the formor consept must still beo
appliod to most boundary lubrication conditions. Theso authors also
ascribe the benoficial offocts due to boundary lubricants as being
caused by a smoothing of motal surfaces which reducos unit pressures
by increasing tho area of contact,
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While fatty acids with long chains arc very offective
boundary lubricants, thoy teond to causo corrosion when presont ir
sufficiontly high concentrationss This, for example, was a prime
cause of discontinuance of thoe usg of small guantitios of fatty acids
in motor car oils (garm Process).{43) Consequontly, a great deal of
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work has been done to obtain polar lubriceznts that are not as corrosis

©
48 the fatty acids, and nundrwvas of sucn materials nave been vatented(47

usuallv under the designation of "oiliness™ agents. It is considered
that the term “oiliness"™, which is widely applied to the type of
lubricants discussed in this ssction, is not sufficiently specific and
beeause ot 1ts concept forming connovations has led to a great deal of
confusiopn in this subjoects It is believan tya’ tho terms "polar
lubricants®" and "boundary® or "polar lubricavion® would bo more apt

1in doscribing the phornomena discusscd above and woula reduce this
confusion., The term "Boundary Film Strongth" has recently been
suggested(42 and this 1s far more satisfactory cuan "oiliness"
although this tarm also nas popuiar connotations tiat are not exactly
applicabls vo lubrication of this typce.

Aishougn the use of volar fubricants results in groat
improvaments in lubrieation under suvere operating conditions, when
operating conditions arc very sovero, such as in the caso where unit
prossuros arc oxtranely high and tomperstures aro high, polar lubri-
cants such as those discussed abovs are not ablo to saparate tho
metal surfaces sufficiently. Undcr thesc conditions difforent typos
of lubricants, roforred to as extramd pressure lubricancs, must be
employed.

D, Ixtreme Prossurc Lubrication

Extremo prossure lubricants are materials that are
capable of forming fiims of chamical compounds upon moetal surfaces,(54)
which are stable to high tamperatures. Thosc compounds serva to
soparate the surfacos so as to roduce the torces of intormolscular
attraction. Those compounds, moroovar, aro muintaincd on the surfaco
aquito tonaciously, partially becaus: thoy arce solid materials und
partially becauso they arc to a considerablo oxtont hold by forces
oquivalent to thoso invosved in,chemical reactionss

The devolopment of extreme prossurc lubricants and tho
theory of oxtremc prossurc lubrication roceived great impetus in
connoction with thc dovolopmont of lubricants for hypoid goars for
automotive applicationss Howevor, thoir use is by no means limitod
to thoso applications and is indicatod undor oporating conditions in
which prossures and temporatures arc highs Their application to motal
formiag oporations is, thorefors, quitec obvious, Although lubricants
of this type wero used.in metal-fcwming operations far carlier than
the application of hypoid gears to automobiloes, the information
obtainod as a rosult of this application has enablod a far more
logical apprcach to metal-forming lubrication which has resulted in
groat improvemonts in this fiold,
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Oxygon, prescnt in air, is ore of the most common extreme
pressurc lubricants although it is not genorally considercd as such,
Practically no metal surfaces are used commercially that arc not
covered by at least a thin film of oxi.do. TUndor many operating cone g
ditions this quantity of oxidc is sufficient to prevent welding bo=-
twoon maotal surfacos and, at other times, an oxidation procedure is
rogortod to in ordor to obtain a film of sufficient thicknoss vo rosist
tho high unit pressurcs that are concountercds
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0f tho matorials usod as extromc pressurc lubricants the :
most common is sulphwr which is applied in the form of sulphurized [
mineral oils, flowors of sulphur, synthotic sulphur compounds or
finely divided (“colloidel") elemontary sulphur disporsed in some
vohicles Compounds containing chlorine and phosphorus are also used ;
quite extensively. Thoso naterials react with motais to form sulphides, .
chlorides, and phosphidos, respectively. While sulphur compounds are :
expectod to form sulphide ccatings, a rocent papur in which X-ray |
:E; analytical methods ware usod indicaved that tho action of Gluwuvntary )
4 % sulphur plus load naphthonate on iron resulted mainly in the formae ‘
tion of lowor oxides of iron and only occasionally in the formation '
& of sulphidos.(34) Novortholoss, it is considared that sulphides are
d formed under many othor conditions and in tho casc of copper, the K
action of sulphurized oils has beon shown to ¢onsist of sulphido |
. Tormations

Vol e, -
o X o s

d

Py = A%

In tho case of sulphurized oils, tho roactivity of the

;ﬁf sulphur varios with tho typo of oil and tho tamparaturo and length
P of timo during which tho 0il was troated with sulphur or sulphur

L) chloride, Fatty oils troatod with the sulpaurizing medium zor

:%Q rolatively long timos at rolatively high tamperaguros arc of tne

v,Q type callod ™non~-corrosive® for the reason that they do not blacken
fﬁ“ polished copper strips kept in contact with the oil at 100°C. for

Qﬁ soveral minutes. On tho other hand, troatment of tho fatiy oll with

sulfur for a shortar time and at lowar tomperatures or treatment of
many minoral oils results in sulphurized oils of groater reactivity,
In tho case of chlorino and phosphorus bearing oxtrame pressure
lubricants, it is quite common to use relatively pure svathetio
compounds, and tho roactivity ie thus dopondent upon the choice of
thoe molecular structure of the campouna synthosizeds

Bocause of tho control of roactivity that can bo
obtainod by suitably varyine tho mothod of preparation or by usisg
M wollelofinod synthotic products. it is possible to "tailor-make®
§; ludbricanta to rit tho widoly varying nooas of differont metal-forming
'% operations,

While relativaly think filme of stable chomical compounds
are very efricient in proventing weiding, uvnore is a tendency for
thickor films to flake off due to the poor ductility cf most of
theso deposits, If an oxcoss of tho extremo preasurc lubricant is
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vailablo, the metzal surface, which is cxposad 2s a rozult °f this
flaklun’ reacts almost ‘m'“dl“telj to {orm anothor protective film,
Howavar, this results in a losz of metal in the form o tho chemical
conpound and ig one form of wiar as will be discussed further in the

scction on the w.ar of Metals. Another difficulty tvh:t is oxperience?

whon rol~tively thick films of thosc non-Juctils doepesits are formed,
is thet high forces uro reguired to doform the non-ductilc dcposite
In other words, the forcc requircd for stross doformution of the
lubricant or lubricant friction is highe This moy froguently bo
roducod by tho aldition of 2 suitablc nolnr lubrieant, but iv is
proforavle to utilizo an crtreme nrasoure lubricant in which ro-
activity is not too groat coupled with a polar lubecicant for bost
rosults under most oporating conditions. when the tondeney toward
volding is cxtremoly great, howsver, tho most reactive typos must be
used but tho othor disadvantapes will aleo be obtained.

Whiles the more crmmonly acceptod view of the action of
extramo prossuro lubricants iuvolvos tho Lfoemntion of stably Snomical
ecompounds, a hypotheusig hns rcecontly beon advaacol by Foock (6 and
his co-workeors in which the netion is cousidorel te bo ono of polishe
ing ¢f tho motal surfacos. Acc.riing to this hypothosis, low molting
outcetiss aro formed by rocctics with tho lubricint which thon flow
undor the influonco of applicd prossurec t¢ form vory smosth surfacess
This roduces unit prussuros o a great cxtont and thus onableos polar
lubricants to boecome sulfficisntly crfoctive to supply adoquate lubri-
cdation. It appeors probable that tho smosthing of surfaces is one
action of oxtraong pressurc lubricants.

Any matorinl that tends to wrovent motul curfacos from
wolding undor conlitions of high pressure ad tanporaturc may be
ecnsidored to bo on oxtranc vrossurc lubricant., If this coneopt bo
accoptod, thon thin filme of dissinil:r motals which arc somctimes
intorposod botwoen mctal surltcos ag, for cxamplo, copwnér or load in
tho caso of stoel surfzcas or cacnically inort flltcrs such as chnlk
or tale mey be considered as boing cxbrome prossurd lubricants,

Portinent to ths usc of dissinilar motals as cxtrane
prossure lubricants, it has bsen found (Tablo II) that tho coofficiont
of frictisn (unlubricated) is lower whon Cissimilar netals are
causod tc slide upon one another thun when tho sliding mnctals are
similar., This 1e& apparontly due to a decrcaso in the tordoney for
wolding, which might bo Que to difforconcos in crysial structurce It
iz gonorally 1JvaJtago,u~ te utilize films of ductile motels so that
frictional resistance due t> the lubricant is not very great. Waile

the coofficiont of fricticn is reduced by the usc of films of discimiler

motals, tho valuws are still sufficisntly high so that thoy must bo
used in conjunction with othor lubricants, e@spceially in ordoer to
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3%% Arother mothod that may be used to kcep metal surfaccs

‘ﬁﬁ% apart involves the use of chomically inert fillors, such as chalk or

iﬁj graphito, which become trappcd between the metal surfaces undor cortain i
o 81iding conditions and thus serve as .iechanical soparators. Cartain -

l*, fillers that have weak cleavege plancs, such as graphito or tale, )

R havo lower lubricant friction than those that pulverize unier high -

S

pressure, such as chalk, but it is bolieved that they tond to bo loss
officiont mechanical separators, Fillers will be discusscd in greatar
dotail in Appondix II of this roport,

In discussions on oxtreme pressure lubrication three
ey torms are widely used: (1) anti-wold activity, (2) rilm strongth, aad
% (3) load carrying capacity. Of thcse terms, "anti-woid achivityf

-
-
s A4y

proportios of polar lubricants,

B, Woar of Motals

The woar of metals may be classified into four types,
a8 follows:

%Qv which is tho nost deseriptive, is usod in a limited sense to indicate j
ug; tho operation of oxtrame pressurc lubrication under conditions so ;
s sovere'thrt wolding cannot be completoly proventod. Film strongth is =
Ao genorally usod with roforonco t2 tho ability of polar Jubricants, or !
288 other organic lubricants, to provent welding although it is also froe ;
¥.§ queontly appliod %2 tho provontion of wolding accomplished by tho L
liQ formation of stable chamical corprunds which arc prodominantlv in- C
b, organic, Load onrrying oapacity is more spocifically appliox to tho s
e lattor caso in which tho typical extromo pressure lubricants are &
ahd operative., Bocauso of the confusion which this torminology givues !
: rise to, it is bolioved that it would bo preforable to uso a torm 0
o such as "wolding provontive® or "wolding provention lubricuut® in -
’ggj desoribing extromo prossuro lubricants, However, tho term "Boundary s
‘5& Film Strongth® (42) may bo used in roforring to the wolding proventivo o

c
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1, Woar duc to wolding

2. Oxidation or Roactivity Woar
3, Abrasive woar
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The first typc of wear is due to insufficiont weld pro=
vontive and is usually quitc rapid, rosulting in toaring of the sur-
facos (scoring or galling)s In cartain casos, tho accion is localized
in that a sgratch is gougol from ono of tho motal surfnces or a pioce
of ono motal surfaco is welded ontu the other surfaco, In ordor to
utilizo theso surfaces commorcially it is usually nocossary to ramove
tho scrateh or built-up motal by means of polishinz or grindinge
This griniing process rosults in the ranoval of metal irom the entire
surface which 1s an indirect rosult of welding woar.
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The sccond type of wear is callol oxidaticn wear by
Fink (15) ana has also beon investigatod by cthor workers (17, 33)e
This is considcered by the writer to be a morc univorsal phcnomencn
than Fink rccognized. It is believed that tho dosignation of Mre-
activity woar® would bo morc appropriatce This type of wear is duc to
the formation of rclatively thick filas of Jxide, sulfide, chlorids, or
phosphido by reaction with a reactive cxtreme prossurc lubricant,
These films being rsthor brittle, are displaccd from the metal surfaco
when the moro ductile motal baneath them is plastically doformod,
Sinec an oxcess of rcactivo lubricant is available, a now film is ‘
formold almost immedintoly which prevents wolding from toking places |
This procoss, if continued for somo timo, rosults in tho removal of

notal from tho surfacos at a uniform rato leaving a surfaco that is
rathor smooth.
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Tt thus bocomes apparont that to koop woar to a2 minimum, '
a sufficiont thicknoss of woll provontive is nocessary to koop the !
surfecos from making froguent contact, but incroase in the thicknose
of tho coating over this minimum rosults in an increasod rate of
woar, However, tho rato of rocctivity woar is usually much lower :
than that duo to insufficiont wold proventive so that = modorate
oxcess of reaccive lubricant is frr tov bo proforred tv any deficioncys
In a groat many applications, tho thicknoss of stable compound
nocossary to koop tho motal surfaces sufficiontly far apart so that
a low rate ou wear 1duo to wolding is obtoinod is 8o small that the
coating is invisible to tho unaidod oyos

Anothor mothod that may boe utilized to a cortain oxtont
in roducing thoe rave of roactivity woar involves tho adsorrtion cf a
film of polar lubricant in addition to the weld proventive. This
‘sarves to provido a region of casy slippage within tho lubricant so

that tho tcndoney for displacemont of the brittlo deposit of stablo
compound is roduced,

: A mechanitn of woar veductisn has boon recontly ad-
vanood (6) in which it is postulatod that by the action of cartain
lubricants in removing surfaco irrogularitios tho unit prossures
and rato of woar are reduced, To a cartain extont this concept is
equivalont to tho conecept of wear given abovo, since this mmoothing
action may tako place by virtue of thoe formation of stablo chamical
compounds on tho surfacoe followsd by ramoval of tho high spots by
Qisplacamopt upon ropeatad contacts Bocause of tho oxgcoss of the
extramo prossure lubricant, howovor, this protoctive film roforms
and provonts woldings, Tho propononts of tho concopt of roduced
woar duo to smoothing of surfacos, howovor, ascribe this effcet to
tho formation of low molting cutoctics that flow roadily and thus
form vory suooth surfacos,
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A great many wear studies have been performed for un-
lubricated surfaces, or at least surfaces that are not consciously
lubricatied in order tc determine the wear resistance of metals and
coatings on sliding surfaces. Under these conditions, wear has usually :
boen considered as abrasive in nature, that is, s harder surface '
causes the chipping off of poritions of ths softer surface with which
it makos contact, This typo of wear is probably importent under low
pressuros, However, many of these woar studios may have been faulty
in tho rospoct that thore was no control of lubrication. Usually
surfacos ars uscd that arc coveroed with layors of oxido or watar
vapor of graater or lossor thickness and thoso determine whother
wolding or reactivity typos of wear will occur, However, those woar
studios have detorminod that softor motals wcar more than hardor
metals although a groat many oxcoptions xxist to tais rolationshipe
This is probably related to tho oxporimantal fact that soft moetals
wold moro roadily then harder metals (Table II), One sories of
investigations has indicatod that the =ulting point of ?he metal
rathor than tho hardnoss detormines the rate of wear 9) indicat-
ing that somothing moro than abrasion is involved.

- gty WIA AW _Fpwemg 4 s T

Anothor typo of woar is corrosivo woar, In this condition,
parts that are in intarmittent sliding contact are corroded by axposuroc
to a corrosivo eanvironmont and during tho sliding contact the corrosion
products are displaced from the surfaco. In many casos this typo of
woay may be roducod by tho usc of protectivo finishes such as chromium
plato or by the use of rust inhibiting oils., Corrvsivo woar is most
froquently a rosult of the dovelopmont of an acidic onvironmont, This
may be duo to fatty acid prosont in thu lubricant or formod by oxidaw
tion of minoral oil, hydrolysis of suifur or chlorino bearing lubriw
cants to rorm hydrosulfuric or hydrocasoric acids, solution in wator
of tho products of comoustioa of fuels to rorm carbonic and sulfurous
ucids ote, In tho last case, woar ot ongino cylinders has beou
S agsoribed t0 tho condensation of these acids on tho cooler »~riions
is of thu oylindors resulting in corrosion. In sore 2isus, corrosion
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*xag doos not become upnrociable until the surtraces ero in sliding contact Q
AR sinco the corrosion products ordinarily protoot the syrface from N
i furthar corrosion, Ap dxamplo hes bown cited by Wisolé4) yhat oloarly B
s illustratos this point. Baso metal elloy fountain pon points resistod g
AR ecorrosion by ink undor static conditions but whon rubbod ageinsv ﬁ
o papar vho rave or woar wns high, Thero is ulso some similarity boe K
ﬁ?ﬁ twoon this conaition and tho reactivaty uvypo of wear (iscussod aboves ;
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TABLE II

Coafficient of External Friction (4) for various materials,

after Tichvinsky and Schnurmann (21 )

combination of Materials (1)
Carbon - glass 0,18
Copper - mild steel 0,36
Garnot - mild stoel 0,38
Glass - glass 0440
Herd Steel - hard stsol 0.42
Cadmiun - mild stocl 0.46
Ibonite - glass 0453
Mild Stool - mild stool 0457
copper - coppar 0,60
Nickel -~ mild stoel 0466
Cadmium ~ cadmium 0.80
Aluninun - aluninum 14
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PHOTOMICROGRAPH OF PROFILE
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The profile of a finely turned steel surface
will bave the appearance shown in the
above profile photomicrograph. That such
s surface is fragmented is shown by the
metallic particle in the upper sight hand
corner which apparently is loose from the
body of the material, This particle may not
necessarily be from the surface as
it may be a portion of a curved projection
extending up through the layer of plating
holding the fragmented suriace in place.

FIGURE IX

NG, #13650-1

31 MARCH 1944
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Operation «..vvevsvonsnasssoss.Ground
Profilometer .......35 microinches rms.

One inch = .0013 inch,

1
Operation .......$ seconds Surrarinisn
Peollometer ........20 micro ms.

One inch = .0013 inch.

Operation ....occeevase. . SUPERPINISHED LL.I_L_I_LLLLLJ

lometer ........0.9 microinches rms, One inch =2 .0013 inch.

FIGURE IYX
NEG, #13650-2 31 MARCH 1944
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F1G. 2, Taper-section of track formed by sliding a h
zontal magnification 200, Vertical fication 2800
{ragments of copper, and the pits marked H where the steel has been plucked out of the surface.

\ FIGURE IV
NBG. #13650-3 31 MARCH 1944

emitpharical copper rider on an unlubricated steel surface, Hori-
The width of the track is indicated by arrows. Note the adhering ‘»Xﬁ
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APPRDIX 11

II. Application of Lubrication Thoory to Deep Drawing

4 Introduction

In the case of the drawing of mctals through dies, it may be .
assumed that unit prossures aro very high sinco the forcos applied must )
bo sufficiont to eiceed the yiold strongth of tho metal. It should bo ;
possible, thereforo, tc apply a good deal of tho information on boundary '
and extronc prossure lubrication that has beon discusseds It was :
proviously montioned that, in tho casc of beundary lubrication, friction
is indopondent of spood over a wido rango of spoeds. This has beon usod
as ono oritorion to dotormino that lubrication is of tho boundary type '
in motal drawings In tho caso of wire drawing, it has boon found that ‘
friction is indepondont of thg specd of drewing ovor a rango of 20 to
%%; 600 contimoters por sceond (1), Tho high frictional rosistance also

indicates that fluid lubrication conditions aro not boing obtaineds

In this conncetion, Giraud found, by immorsing a wirc drawing die .
) in a calorimetor, that friotional losses wero in the crdor of 50% (2).
Some investigations by the writer (3) have confirmed this mngnitude of

aro oxtramely high on tho basis of tho previously discussed data

b frictional lossos !n cartridge case idrawing ovon when lubricants aro
‘, usod which are fairly goods This indicatos that a good deal of welding
13» must be taking placo and, consequently, tho mothods for reducing .
j«"v, welding discussed undor oxtrame pressure lubrication aro directly ;
% applicablo to deop drawing lubrication. In addition to tho large 5
1! amount of heat genaratod as a rosult of frictional resistance thero {
o + 18 also a considorablo amount of hoat gonoratod due % the doforma=- )
‘k"‘?\ tion of tho motel 8¢ that it is common kmowledgo that work subjoctod :
X to savero "cold® Arawing oporations comos from tho dics too hot to %
handlo with the baro hands. It is probable that surfaco tomperaturos !

obtained by Bowden and Ridlor. This high tomparature makos boundary k
lubrication much more dirfficult becausc of disorientation of polar
films g» that in some cases tho combination of high prossuro and &
temperature makes it nocossary to utilizo all of the best drawing q
lubrication practices in oruer to obtain tool life that is ovon &
moderately highe .
\
Be 2Bffoct of Some Metallurgical and Ingineoring Factors on ‘i
Doap Drawing Inbrication ;
Boforo going into tho application of tho fundemontals of ;
lubrication to drawing, it is desirable t0 obtain some information £
concorning tho effoct of mochanical factors upon the arawing process, g
as they affoct lubrication. OF obvious importaencoe is the typo of r
motel, its mochanical properties and motallographic structure and tho .
nature of its surface. The higher the yiold strength of a metal tho Y
groator will bo the forse required for plastic doformation and the
groater will be the unit pressures which the lubricant will bo subjected .
toes Consoquently, any factor that affocte yicld strangth will afliset FE
i
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lubrication, In addition, the similarity or dissimilarity of the metal %Qﬁ

being worked to the metal being used as tools to a considerable extent %:g

determines the tendency for welding between the surf?Z?s since with 1-.8

dissimilar metals lubrication is less of a problom. E!E

Ay

Usually pure motals or single phase alloys can bo doformod ‘géi

morc roadily than multi-phasod alloys. When an alloy contains two or ihaY

moro constituonts, the difficulties that may bo exporionced aro ?{Q

dopondont upon the distribution and sizo of tho unit particlos, An A

oxamplc may bo citod to illustrate tho above. Low carbon stool, 2@

which is practically a singles phaso alloy, contains fow carbide ﬁ?&

particlos and roquiros rolativoly low forcos for doformations A };3

modium carbon stool containing fine poarlito is a two phase alloy %ﬁ?

and roquiros rolatively high forcos for doformation. On the other &g\

hand, a modium carbon stool having tho samc carbon contont as bo- ESQ
foro but having tho carbon (carbido) distributod as sphoroids in

Al
by
‘<’ it =i

an alpha iron matrix roquiros forcos intarmodiatoc botwoon tho abovo
two conditions. For tho modium carbon stcel, tho lattor structuro
is moro favorablo so far as tho lubrication problom is concornods

LN )

In cortain cases in whith ono of thc constituonts is
aconcontratod at tho grain boundarics, and bocomos a continuous
onvolopo around theo grains, as is obtalnod whon vory small por-
contagos of bilsmuth are prosont in brass, a groat dooroaso in
duetility will be oxporioncod, In othor casos, sogrogation of
oortain impuritios at oritical arocas may bo tho causo of toaring
of tho motale Preforrod oriontation, motal dofocts such as lamin~-

WA
ations, scams and inolusiona, or oxcossivo grain sizec, may also o
havo this offect, In any ovont torn piocos of metal may romain in A
tho dio and causo welding, ovon with normally optimum lubriocation, RS X
Whilo this causo may bo immodiatoly rocognizod in most casgos, thore giﬁ}
aro timos whon tho torn motal passos throush the dio aftor causing gé
tho troublo and tho lubricant is blamod, i;;é

In attompting to attain optimum motallographic structuros
for dosirod apf%?Bationa, mutal is annoalod, normalized, sphoroidizod,
patontod, otc. The proper arrangomont of thoso troatmonts is
vary important in dctomining tho drawing foreoes and tho typo of
lubricant that must bo usod for any spocific oparations For a
partioculsr motallographic structure necossary to obtain cartain
physical proporuios, it is froquontly possiblc to contrql thoso
hagt troating proceduros so as to procure minimum forcos and thus
reduce lubrication difficultios, It muat bo undarstood, howovor,

& (' ’ A

-l o
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e
that when oxooptionally high physical propartios are roquired tho ﬁég;
motal ugually cannot bo troatod to minimizo lubrication difficultios e,
and it is thon nocassary to dovotg groator attention to lubrication llﬁg
in ordor to obtain satisfactory porformancos ‘3§3*
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étg Undor certain conditions the hardening of motal upon

fﬁ; storage causcs diffiiculty, as in the casc of cortain age hardening

e alloyss Whoro subscquent drawing is to bo conducted on such alloys, .

i}

A

immediate redrawing should bo conductod or tho alloy should bo
stored at low tamporatures and for as short a poriod of time as is
foasiblos Purc aluminum and cortain of its alloys have a low rate
of work~hardoning and conscquently may bo subjocted to a serios of
drawing operations without intcormodiato annoals, without roquiring
markedly incroasod drawing forees. GCthor metals, such as brass,
plain earbon stoodls, and, to a groator oxtent, austenitic or
"stainloss" stool, work-harden so rapidly that they usually must bo
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;af annealod botwoon oporations and may cvon ruquiro incroased forces

) during part of the singlo drawing opcration,

ig} Tho formation of excossive dcposits of hard non~ductilo

) matarials such as irom oxidos in the case of steel, cuprous oxide

‘: in tho casc of brass and aluminum oxide in the caso of alunminum

{f; causos local incroasos in tho forco roquirod for doformetion,

W) Whon the brittlo oxide coating bocomos too thick it moy crack as

33? tho softor motal undernrenth is plactically doformod rosulting in

ﬂ{= tho extrusion of unprotectod metal to ths surfaco whorc wolding may -
;L;; tako placo. Excoessive decarburization on tho surfnee of stool resulte- ;
AN ing in tho formation of a layer of sof% furo iron also tends to wold E
%Q‘ mere roadily than tho original stool, f
) ‘323‘1

§§§ Thoe occlusion of hydrogen during pickling causes stool or ;
R iron to bocome brittlo, This ombrittlod steol requires highor <

forcos for deformation and may tear during the draw, It has boon .

B roported that this hydrogon ambrittlamont may be roducod by hoating ;
1%£g at moderate tamporaturos (200-400°F, ) for 5 to 60 minutos, .
: fu.’ir, ‘
E;ﬁg Rogarding tho surfaco of motals boing drawn, it is

CALD: advisablo thot this bo quito smooth yot not so smooth that a mirror

’ finish is obtaineds Optimum resuits aro usually obtainod when

X surfacos aro slightly roughonod aftor drawing by a light pickling
or sand blasting oporation. This has boon ascribod to the bottar
rotontion of lubricant by slightly roughor surfaces. This must be
balancod against tho poor frictional characteristics of rough
surfaces, In this connoction, amnealing in controlled atmosphere
furnacos is froquontly a source of troublo sinco it may roesult in
surfacos that aro too smocth,(5

In addition to tho naturc of tho metal being worked, tho
type and severity of the drawing oporation dotermines to a considore
able extont thes lubrication difficultios that may be oncountered.
Drawing oporations vary from those which consist mainly of beonding
or shaping, in which tho strotching of tho metal occurs over a
rolativoly small pertion of tho total arca while the roduction in
aroa and wall thickness is vory small, to thoso in which thoro is a
groat rceduction in aroa and wall thickness duo to ironing or flowi s

=3
. B - . e TR e . =
’.*:*‘ PN IR ey FEE A F R e J(- A _Lidatdarid| 2 L & 'rntw"‘". '.' " nis o'c
e T T s L e ‘(.7'-.«'. YK .‘1.-\\‘?"1'*« {}
A S e O O 0 '(‘\" e LT ) \.‘ RN SRR JQ ;\ e
" g - ~ -« l l X
e RS e e A “.1’,-1‘. ,4 \,‘" = - ‘ 1. ..‘. _._,*.__._\.,-‘.

'''''''''

B I e L T I,



e
LA

ﬁi

o

B

S

of the metal botwoon tool surficese In tho latler case, the amount R
of ironing and tho heat genorated duc to crystal dcformition is glg
detormined by the porcentage reduction in aroa. I the former caso, P
in which strotching of the motal takes place wvor 2 limited ares, e
lubrication may be vory critical sinee, on the othor hand, too low a o

cosifTiciunt of friction may be sometimes disadvantagoous bocause tho
oasc of slippage may cause tearing or wrinkling to tako placc.(7)

LI

,
t:.'.i;w:u. s
ey .
i~ .

Tho dosign of tho tyols is vory important in actermaining tho
sovority of drawing oporations. Sharp cornors in dios may bo tho

=
causo of locnlizod high unit prossuros. Tho rato of roduction of ﬁig
tho motal, i.0.s tho slops of thc roducing portion of the dio, is e

also important in dotormining unit pressurcs, and in this connection
it has froguently boon found advantogoous to uso longor dio lands or
dios placod togothor in tandem instoad of single, short dios in

which tho rato of roduction of metal is high., Appropriatoc clgarancos

e
P

i
E%%%ﬁt

ol ]
aro also important so that unnoccssary sliding friction may bo avoidods Wﬁﬁ
This is ospocially important bocausc of the tondoncy for motals to E}E{
"spring back" aftor boing olastically doformoed by the tools, @%:§

Tho naturoe, hardnoss, and surfaco condition of the tools
aro important factors dotommining tho tondoncy toward wolding of
tho tool with the motal boing workeds Tho tendency for hard motals

SGL%

SN
to wold is less than that for softer motals, In obtaining hard %ﬁg.
stool drawing tools a limit is rcached by the maximum herdnoss kﬁ&g
obtainablo by quenching (v.ge, Rockwoll ¢ 67) and tho brittlonoss ‘ﬁﬁ\
of thoso hard stools upon boing subjoctod to impacte By appropriato KL,
quonching and tamporing techniquos and soloction of stools it is =1
staotimos possiblo to obtain maximum hardnoss at tho drawing surfzcos e
whilo tho bulk of tho tool is much softor and supplios tho nocossary ﬁgsi
toughnoss to rosist impact, Howovor, for gonoral practicc an attompt SO
is usually mado to tampor stool drawing tools to a hardness of Rockwoll XU
¢ 62463 to obtain toughnoss as woll as hordness. A cifferencs in Eggﬁ
hardnoss of from Rockwsll €63 to 67 has beon found to causo ime

portant differencos in tool lifo in some lubrication studies on
stgde) ocartridgoe caso drawing mcde by the writor.

It is possible to incrcase tho surfzco hardness of stool
tool surfaces by plating chromium on thé stool. Whilc this is
advantagoous in many casos, it is a criticael oporation since ax-
gossivo brittlenoss must bo gvoided and good adhorance to the
: steol must bo obtained. It is also nocessary to have a hard stool
! surface underneath tho chromo plato to prevent cracking of the plato
: due- to plastic doformation of tno steel bonoath it As a consoguenco,
: the suscoss of chromo plating has froguently boen in doubt due %o
: wido. variations in performances, However, sufficiont aata have
ﬁ boen accwaulated to indicate its value whon used properly. (8) 1this
is duo to both its hardness and its dissimilarity to the metal boing
workod, Tho usc of dies mado of tungston carbide sinterod in a
cobalt matrix, e.g. Carbolloy, has provon vory succossful bocauso
3 tho particles of tungsten carbide are olmost as hard as diamond, and,

in addition, erc non-motallic so that the tondoncy for wolding is
3 considorably reduced,

i
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Surfaco smoothnoss of tools is oxtramely important; tho N
smoothar the surface the bettar the too% ife. This has boen borno
out by a large numbor of investigations 9) and in ono sories of
cxporimonts porformod by tho writor an improvamont in the ordor of
400 porcent in tool lifo was obtained by changing the polishing
tochnique so that amoothor surfacos woro obtained, In noithor caso
was tho maximum in smoothness obtainod but tho improvamont in tool
lifc was, novartholess, quite large. Whilo maximum smoothnoss is
dosirablo for tools, some intormodiato roughnoss is ordinarily
dosirablo for tho work.

Cs Inbrication Factors in Motal Drawing

(1) Bxoossivo Wolding Botwoon tho Work and Tools

When wolding between work and tools takos place, ovon:
over o fairly wide aroa, thore is usually insufficient rosistanco
to aotually stop the draw press., Instoad, toaring occurs in tho body
of thoe woakor of tho two motals or at tho wold itsolf, Naturally,
the tools aro solootod to have a higher tensilo strongth than tho
work so that, whon wolding occurs, thoro is a tondoncy for somo of
tho motal boing worked to bo torn from its surfaco and dopositod
upon tho tools. Boocauso of tho work hardoning charactoristics of
most motals, rosulting in inoroasod tonsilc strongth, tho portion
of tho metal which is dopositod or built up on %he tools will be
stronger thun tho motal subscquently passing ovor tho tools This
rosults in furthar toaring within tho bodv of tho motal boing worked
aftor additional welding tekos place botweon tho build up and
portions of tho workse In addition, tho tendoney for wolding botwoon
the built-up motal and tho work is groator than that botwaon tho
tool and worky Thosc factors rosult in tho dbuild-up on tho tools
bocoming progressivoly largar until it roachos such dimensions that
, tho work 1s scratohad or torn so that it oan no longor bo usofuls
. This procoss is known gs sooring or galling and whon the welding
- roaches guch proportion that the normal flow of motal is proventod,
it is. known as soizure,
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(2) Prevontion of Build-Up and Seizuro

~ : Welding can be proventod if a sufficiont quantity of
it surrnoo contaninant (lubricant) is suppliol to koep the metal

§§§ surfages geparateds Thus tho forces of intermolocular attraction

g ‘ﬁ are reducod to a negligible quantity. When surfacos aro undor tho
2% influonce of shoaring stressos, tho ability to porform this soparae
tion.-doponds upon the ndharonce of tho contaminant or lubrigsant to
the surfacos. Dopending upon the mognitudo of thoso strosses,
difforent typos of lubricants may be omployed, Thus, vhon unit
pressuros are small, minoral oil, which is hold to tho motal surface
by forces of physical adsorption, are sufficient. Whon unit

-5-

2 A W TR AAT S T RY

-,

.
7,

s

Iy

AN AL ALt 1

9
“

2 - AT R - Lad - Lo  WEES 4 0" LA L 14 *J'WL""'J’

B < ERERLRE AR CY LSRN w‘”i',x'o"m'x*‘" \'* VTSR (5
5 e ‘:i*;? R A S P P R S T O e




-
N
L

. .{;. b

pressuros aro considerably highor, fatty acids or other polar EZ
lubricants, which are held tc metal surfacos by forcos of chomical QN
adsorption and polar uricntation, are usually sufficiont. This &ﬁ
typo of lubricant providos sufficient protocticn for many drawing iF
operations that arc not vory severe cspocially in the case of the e
nonforrous motalss Whon unit prossurces bgcomo vory high and, in N
addition, tumperaturcs arc high, it is nececssary to utilize lubri- gk
cants that czn roact with tho motal t¢ form rigidly hold chemical Qﬁ
compounls whkich arc not approciably affoctoed by high tamperatures, R
This is tho type of lubricunt that must be usod for most scvere iﬁ
doop drawing oparations, Tho reactivity of thc lubricant should ff
incrsasc as tho soverity of the operation is increoascd. §§
A

In thc case of nonfurrous metals, rcaction with oxygon ?ﬁ

in tho air is frequently sufficioent to provide a stable film that é&
is thick onough to »rovent wolding on o large scale, Whilo rust T
or othor oxidos of iron erc uscd in the casc of somo of tho deep Ry
drawing oporations porfornoed with forrous mctals, it is usually Q{
nocogsary to havo a more reactivo oxtroms prossurc lubricant, O0ils &a
or watnr-baso amulsions containing sulphur, chlorine, or phosphorus g%
of varying stagos of reactivity may bo utilizod depending on tho '%&

thicknoss of coating roguired. The hoat duc to deformation of tho

motal end to frietion is dopunded upon to ceusn roaction with the
motal,

In addition, chamically inort fillors may be usod in
tho lubricant as wsld prevontives. Those may bo trapped botweon
the work and tools and thus mechanically soparato tho parts, In

cortain moro sevore oporations, ospoclally with forrous motals, it a§§
is possiblo to deoposit a layor of dissimilar, ductilo metal by N
eloctrolytic means, hot dipping, or chemical displacement.* Coppor, ey

RN
5]

load. tin and, to a lessor oxtent, zinc havo beon uscd in this
conneetion, ( This mothod providos s layer of matorial that

wolds loss roadily with forrous motal than two ferrous surfacos would
and which in addition, flows with groator casc than the forrous motal,

¥ In this mothod tho roaction of iron displacing coppor from a
solution of its salts nay bo utilizeds Fo + (uSQj -———3Fo SO, +
Cue For tho procuraront of reasonably gond adhorence of the
coppor to cho iron, this must takc place in acid modiume. Howovor,
when the acidity is too high or tho copper salt concontration is
oxcosgsivo, the coppor is produced in a non-adhoront forme A
patented proprietary formulation which vrovides a bright, adhoront
doposit of copper is sold by tho Amorican Chamical Paint Company
undor the trado name of Cuprodinc and consisgs of coppor sulfate,
sodium chloride, and o pickling inbibitor(10),
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gﬁ*} Welding may also be roduced by depositing on tho surfacos .
xqg‘ a layor of non-motallic matorial, which may consist of compounds of ~
-:%;i the notale Deposits that have been uscd for this purpose are sulphidos, :

i:‘e

phosphatos, rust, or Other forms of oxide, ctcs Thosc deposits are =
placod upon the motal as a scparate procoss so that it is not e
nccessary to depend upon tho drawing nrocoss to genorzto the heat
roquired for reaction leading to tho formation of tho protective
film and protection is afforded immodiatoly as the work comos in
contact with tho tools Tho woakncss of this typo of lubrication lics
in the lack of duetility of theso dcposits which results in high
lubricant friction and which may canse flaking off of tho dcposit
during tho draw, If an additional quantity of oxtreme prossureo
lubricant is not available tho baro surfacos that arc oxposod as

a rosult of this flaking will not roceive @ now doposit of stablo
compound e¢nd conscquently wolding will occur,
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gy i3 N RLEe DT -
AR R
« "\ﬂ
ot A

It has boon found that whon reletively thick films of
low molting lubricants such as anhydrous soaRps Or waxes are
doposited on the work in fairly adhoront form, by same mochanism
thoso films are not displacod during tho drawing oporation and are
ablo to soparato tho motal surfacos to a considorable distance and
at tho samo timo provido a lnbricant with very littlo resistanco

A TSR o TR e e
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towards stross deformation, This rosults in low valuoes for fricticn 5@
o) which toend to ag§roaoh thoso obtained under conditions of fluid ;?
N lubrication, (12) This is a rramising typo of lubrication which has o
i provon vary successful. in tho sevoral applications in which it hos» b
ﬁgg boon omployods Sameothing akin to this typo of lubrication is also gg
= obtainod in the traditional lubrication procedura of the wire ot
4 drawing industry in which a "sull" or rust coat followsd by calcium §§
ﬁgﬁ hydroxido is baked on tho wire and tho resulting wiro is coatod with &2
e§. powdored soap prior to drawing,

e

Onc mechanism that has been suggestod for this typo of

A thick film lubrication indicatos that a portion of tho lubricant is

' trapped in somo fashion 80 as to ramain in contact with the working
surfates During the 1rawing it is molted whiie tho matorial bohind
it is still a solid and forms a plug provonting oscapo of tho liquids
This oxplanetion is not very satisfactory sinco the molton lubricant
should transmit forces oqually in all directions; those forcos bo-
tween tho work and the tool being sufficiout to oxcced tho yiald
strongth of tho motal, Howevor, althoush tho pressure at tho apox
ng of tho plug might be vory high, this would docroasc rapidly as the
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o width of tho plug inmorenses, siaco tho foroo is transmittod over a Py

bty largor aroas This may oxplain tho failure to oxpol the liquid, o

b o

a2 (3) A Hypothosis on the Mochanism of Motal Build-up on Tools ‘

4,§1 The mechanism of tho formation of build-up of motal on E?

1i§7 dies has boon a constant sourco of anxiety among those who work with ;ﬁ

.tf drawing lubricantss It 18 a natural roaction to the sudden occurrenco W

'f&s of build=up on tools and scratches on work, whero nono was visible
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a fow momonts boforoe, to aseribe such coffocts as being duc to Mdiptn ;}
or abrasive particlos, This may havo boen a prime causc of the lack i
of progross on this subjoet, It 1s argued that thoro cannot be much f:;_
differonce among various lubricants if difficulties arc duo to tho e
random influonco of abrasive "dirt", Whilo abrasive particlos have £
sano offoect in causing motal build-up by oxposing cloan surfacos, 0
thoir offoet is considorably less than is gonorally bolicved, ?{
& .

In the following paragraphs thore is presanted a oy

possible mochanism for the formation and provention of metal build-up 1@
on tools which is a logical doveolopmont of lubrication thcory, X
This pictorial roprosontation moy sorvo to dispol somo doubts concorns 5\3
ing tho action of drawing lubricants. In addition, it may lay tho Ly
groundwork for a quantitative approach to the problom of drawing lubri- §§3
cation if numorieca) volues could be detorminod for tho various e
lubrication factors, )

N

Let us considor a hypothotical caso in which a dio with
a highlx polished surface is vsed, a givon area of which is composod
of 10% ctomsg, Sinco the surfaco would consist of poaks and vallaeys,
possidbly 1016 atoms are at tho effoctivo surfacos If tho surface of
tho dio and work woro porfootly clean theso would form 1010 welds if
the surfacos were pressod toget .urs Howevor, purfoctly cloan surfacos
arc almost impossiblo to obtain so_lot us assumo that "shop cloan"
surfacos aro availablo and only 101 atoms are ablo to wold becauso
of the protoction afforded by miscellaneous contaminants such as
oxido, wator vapor, dirt otes Tho die boing usoed may bo considorod
to bo quito hard and of e dissimilar motal to tho work (e.gs sintaerod
carbide) so that only 10/ atoms have a tondoney to welds

ap

Congidor an individual wold in Figure V. ¥ollowing tho
formation of this weld, thore is a tooring of motal in tho vicinity
of tho wold which may bo comsarvatively estimatod as causing the
build=up of thpso atoms from the work on tho original wolde Each
of the atoms pickod up can weld oxcopt for tho provision of surfaco
contamination or lubrication to provont this. Even thougzh no visidlo
lubricant is applied, a cortain amount of surfaco contaminant such
as oxidc or water vapor otc., will bo formed by tho action of tho
etmosphorc, This would possibly provont furthor wolding of ono of
tho throo atams of motal built-up in spito of the incroased toudenocy
townrds wolding of tho soft built-up metals The othar two atoms,
however, would cach pluck threo atoms of metal from the next pioco
workod and tho size of tho woldsd arca would increaso in geomotcic
progressione This incroasing rato of enlargament of the buillt-up
aroa continues in the sudb~visual range dbut at some point tho
lagnitude of the built-up area passes the zone of visibility, whioh
is in the order of 1046 atoms or samothing liko ,00006 grams, (See
Figuro V).
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The sum of a geometric progression is equal to S = a L 1

-1
If a = 1 and each weld results in the removal of 2 atoms so that
r =2 and n = nunber of progressions, i.e. the number of pieces
drawn in this application then

g=1422-1)
(1 )

For S, the numbor of welded atoms, to equal 1016 atoms for minimum
visibility and neglecting 1 in comparison with 2B

1016 = o0
nlog 2 = 16
e3n =16
n =16
o3
= 53 pieces

Actually under practical conditions visible pick=-up
might occur in tho first or second or third piece assuming a vary
diffisult operation, due to tho increased tendoncy for weolding as
tha temperature is increasod and the likslihood that more than two
atoms are wolded oach time. Tho tamperature would bo incrcasod
considerably duo to the hoat gonoratod by tho plastic doformation

of tho mota) and duo to broaking of tho welds by tho foree porforming
tho draw,

Undor the above extremoly poor lubricating conditions,
tho rate of wolding is high and motal build-up on dios grows to
visiblo proportions with oxtroms rapidity and shortly aftarwards
to such an extent that largo piocos of motal arc wolding and boing
displacods This rosults in work boing scriously galled and torne

i Lot us now considor samo casds in which various
lubricants, used commorcially, aro epplied, other conditions boing
similare PFirst lot us considor soap lubrication which is adoquato for
casds in which tho tamdoncy for weldiug is at a low lovol but is

only partially offoctivo in sovero drawing oporations. A singlo atom
froin tho 4i0 wolds with tho work and plucks throo atoms of tho

softar -motal from this. Howover, now we havo a liquid lubricant
acting as a vohiclc for fatty acids which form an adsorbed layer on
the woldod rogion which is fairly rosistant to shearing stressos so
that it tends to provont welding., While the polar film can sustain
shoaring strossos to a groater oxtent than hydrocarbons (minoral oil)
tho £ilm is suscoptiblo to rupturc to a cortain sxtent. This is in
accord with tho rosults of carefully controlled oxporiments on
boundary lubrication in which it has boon found that samo rupturo

of tho lubricating film with consoquont wolding occurs evon when

tho bost known boundsry lubricants are employod.(13) Lot us assume
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that the {ilm in this specific rogion is broken once for cach five
piecos drawne. This results in a weld and this procoss is continuous,
i,ee fivo morc piccos may bo drawn bofore tomperaturos and prossure

STV AT P

cause displacemont of a portion of tho film to allow onse wecld. :
Utilizing tho formula for goometric progrossions, as bofore, thore F
is obtained v
S = (2% - E:

2 3

ﬁ

for 8 to oqual 1016, n would bo q
16 . (5 :

10*° = 523; 1) 2

16 = 5 log 2 noglocting =l 8

230
3 16

n=230%5 .
3

or 266 picces could bo drawn beforc visiolo piek up,

A8 before, this would bo reducsd by tamporaturo effocts
but morv slowly than in tho provious oxamplo bocauso thu roduction
in friction whon polar films aro adsorbed would rosult in tho
formation of lass hoat than when thouso films aro absent,

The offoct tac suporposition of various weld provontivo
factors would bo to incroaso the magnitudo of the numbar by 'which n
is dividod since tho nwabor of wolds formod would bo reduced more and
moros Somo of thoso factors aro the uso of appropriato fillors,
disoimilar motal coatings, and sulfur in tho lubricant to onablo tho
formation of stablo motal sulfidos, otce Howovor, in oach case the
formation of visiblo build-up would bo an abrupt affair occurring
within a small numbor of pioces drawn. In tho casc in which good
lubrication is attainod, build-up will bocomo via blo abruptly but
will bocomo worso much moro slowly than under conditions of poor
lubrication.

Lot us now coneidor a caso in which all of thoeso lubrie
cation factors aro employed.* Undor this set of conditions tho

T might bo pointod out that tho mildor tho oporation tho towar
of theso factors would be required for a dosirod rosult (tool lifo)
but that cvon in theso casos tho use of all of tho factors would
causc improvamont an tool 1ifo saucoe tho numbor of welds would be
roducods Howover, a practical limit is indicatod by factors of
oxponso and tho ocourrcnce of mochanical or accidental failuros.
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tondengy for welding would bc greatly lowered but would still be
existant, Any or all of thesc factors may be in operation to prevent
wolding at a particular timc but the tondoney for wolding is, let

us eay, one weld at this particular region for each 8000 piccos
drawne Thus, to reach the zono of visibility or 100 atoms

n
1016 - 23000 -1
1

16 = B log 2
—300 %8

L8000 = n log 2
48000 = n

‘3

n = 160,000 piocos

Although only ono wold would occur in 3000 plocos at this
region, and tho build-up would not be visiblo until 160,000 pioccos
havo passed over this spot, thoro ara 107 other spots on tho dic whoro
this procoss could occurs Although visual build-up may appoor at
ono roglon therc probably aere many thousands of othor rogions
oxistant which have sub-visual build-ups Thoso rogions would bocome
visiblo as additional pioces aroc drawn,

Beforo loaving this hypothosis, it should again bo
e¢mphasized that it is mainly intondod as o thought-provoking
conoopus Howover, it doos appoar plausible and may provido a
bottor understanding of deop drawing lubrication.

(4) Bffect of Excessive Lubricant Friction

The greatost reduction in friction is usually obtainoed
by roduction of wolding but, in addition, the friction due to tho
deformation of the lubricant itsolf scmetimos bocomes important,
Ordinarily the powor consumption roduetion due to roducoed lubricant
frictinn is nogligiblo but in cases in which aro unwarrantod ine
croase of powar conswmption, for axample, if 20% occurs - this is a
factor to bo considored. Howover, other offccts attondant to in-
oroasod lubricant friction may become very important such as excossive
hoat formation, flaking of non-ductilo deposits (roactivity woar),
strain on oquipmont and chango in loenlizod flow of tho metal.

Cortain non-duotilo deposits obtained by roaction with the lubricant
during tho draw or applied as pre-troatmonts cause excessive lubricant
frioction. Examplos of those arc hoavy oxide, sulfide, "sulfur oxide",
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and phosphate deposits., Thesc arc frequently cofficient weld pro-~
ventivos and somgtimes can be effcetively used in conjunction with a
polar lubricant so us to minimize lubricant friection, although this

Ay

%%
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work duo to somothing similar to tonsile failurs sineo part of the
work is hold at tho dio and tho remaindor is froe to movo, Not only
can this type of difficulty rosult in tonsilc failuro, but occasionally

iy

8 is still high. PFillors of tho pulvorizing typos froquontly incroaso
}Ew1 lubricant friction to a nolcratc oxtent. Deposits of ductile metanls
oSy and of s0lid low molting point lubricants such as szoaps or waxes
E{ﬁé gonorally cnuso low lubricant friction, tho lattor tc the groatost f
;3‘5 oxtont bocausc of the approach to fluid lubriecation conditions.
?g. (5) Effoct of Inbricetion on Motal Flow i
’ {
ii& In most cascs the flow of motal during drawing oporations i
Ry is facilitatod by recductior in frietional resistance and this offoct :
> is benoficials For oxamplo, considorable impodanco towzrds flow by i
53? cxcossiva friction botweon work and dios may rosult in rupturos of tho é
|
{
!
i

it can result in roduction in the thickness of tho wall of tho uvbjoot

AR EAnY

il

g boing fabricated which may rosult ia failure during porformancos

) whilo roduction in friction is almost always bonoficial
&k with rogard to motal flow thero aro occasionally casos in which this
D is dotrimontal. For oxample, in punching out cups, swift {7) montions
S that a grout reduction in friction betwoen tho punch and tho work
;ﬁ% frcquontly rosults in oxcossivo movaomont of tho metal so that rupture
g@} of tho work may occur. Tho propor flow of mctal is most important in
) the casos in which hollow bodics aro boing formod from motal shoot
Sy such that tho wall thicknoss of the bulk of tho motal is not changod
B but strotching takes placo over a limitod area, Imdéor thuso condi-
§g;« tions, it is dosirablo to havo this strotching take placo ovor an
e aroa as largo as is foasible, Friction roduction is gonorally

benoficiel in providing this action, but, besauso of this localized
strotohing, it is possible to have too rapid a fiow of motal in
sanmo local rogion which may rosult in rupturos.

A case has boon brought t¢ the writarts attontion in
which dimonsional control of the work is not possible until a
cortain amount of metal has boon built up to tho diose Tho in-
eroasod frictional rosistanco rosults in botter holding of the
motal in cortain rogions of tho tie, It should be omphasized,
howover, that this typo of condition is not froquent and might
bo avoided by redosign of tools,

In the above discussion, tho differonces between the
two typos of frictional rosistance should be kept in mind, iee.,
rosistance duo to wolding and that duc to shour rosistanco of the
lubricant, It is possibloc to attain vorious magnitudes of frictionul
rosistanco by incrcasing or docroasing the shear rosistance of the
lubricant without sasrificing tool life duc to weld formation for
thoso casos in wnich high frictional recsistanco is nocossary,
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Tho effect of difforont degrees of lubrication on W
different portions of metsl being drawn has not boon studied very much, y
but somc results obtainod by the writer indicate that this nay be of
groat importance, Thus it was observed that variation of tho quality
of tho lubricant on cither tho inside or outsido of brass cartridge
caso piecos rosulted in peculiar variations in drawing forces at

S .
B2 A

difforont stagos of the Arawing orocess, indicating that the flow of 'E
motal might be h?nging as a oonsoquenco of changes in friction. &
Morcover, Swift 7) has found that, in tho cupping of lisecs, a -
groator number of ruptures occurrod whon the top of the lisc was 2
woll lubricatod and the smallest number of rupturos took Place %
whon tho bottom of the disc was woll lubricatod and tho top was .
poorly lubricateds This offoct has beon confirmed by tho writor, by
in tho caso of the rodrawing of brass cartridge caso pioccse It o
is boliovod that this subjoct might provide & fortilo fiocld for DY
rosoarch invostigations. ;;
D, Cenoral Propertios of Drawing Lubricants (5, 14, 15) ;3
le Weld Provention %
Doponding upon the soverity of tho drawing oporation, 52
1t is nocossary to use a combination of tho wolding provention k
mothods discussod above. Whilo inereased improvemont is usually <
obtained as tho numbor of weld proevontivos is ineroased, there is 9
a limit roached by practical considorations such as caso of applica~ %
tion, unit cost, and ocourronce of mochanical failures. wolding
provontion is tho most important single requiramont for a drawing i
lubriocant ‘and has boon adequatoly discussed in provious paragraphss E%
:l\‘
2s Lubricant Friction Roduction -
Sufficiont quantitics of polar lubricants should be N

available for roduction of lubricant fristics or shoar resistanco

of tho lubricant, This roquisite, which has boen adoquately treated
in thoe previous discussiom, plus welding provention must be satis-
fied bofore any of the following requisites assume any appreciable
importenco.
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3s IRase of Application %%

o

Flowing of the lubricant over the tools and work is &S
gonorally tho most convenient mothod, Dipping mothods are somewhat )
less gonvonionts The usc of fillers is often inconvonient since most %Q
of ‘those roquiro agitation $o koop the filior in suspension, and tond Eﬁ
%o clog pipos and fooding mochanismse Tho groatest difficulty of E§
application occurs in the case in which deposits of low molting solid '
lubricant, non-ferrous motals, or stable chemical compounds are j}
applied to tho work prior to drawing but theso toohniques are, nevore N

-
P
»a

tholossy highly desirablo for difficult drawing operations.
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4e Easo of Ramoval

in many casos lubricants aro socloeted on tho hasis
of vaso of ramoval ovon whon othor suporior lubricants aro avail=
ablo for tho operation., Whilo oaso of romoval must bo balancod
ogainst porformance, novortholoss tho omphasis should he on
lubrication performanco, Considorablo attontion should bo paid,
if nocossary to tho mothods for ramoval of good lubricants. It
has boon found by tho writor that many instancos in which lubricants
aro not used bocauso of difficulty of romoval can bo roadily cloaroed
up by tho uso of appropriate cleaning mothods without groat changos
in tho cloaning proooduros Failure to omphasizo good lubrication
rathor ‘than oasy romoval is gonorally quito oxponsive in torms of
tool lito and quality of the finishod product.

5» Stability

gortain lubricants tond to bocomo rancid and, whore
this is due to bactorial decomposition, it is frequontly possible to
minimizo this offoot by tho uso of appropriato gormicides.s In
othor cascs bactorial growth mey ba chockod by moans of a procoss
similar t0 pastourization of milk, Oonsicdorable caro should bo
takon to storo cmulsion type lubricants undor conditions in which
tho temporaturo is noithor too high nor too low, Rapid changos in
tomporaturc should bo uspoecially avoidod since this tonds to broak
omulsions. It has boon found that the stability of cmulsion type
lubricants ocan bo groatly improved by tho use of a homogonizing
procoss, as in a colloid mills Muny manufacturors arc now utilizing

this troatmont.

6, Non-Corrosivenoss

Lubricants must bo carsfully chosksd for corrosiveoness
ospesially whon high concentretions of fatty acids and axtreme
prossuro additives are prosents In the caso of aluminum and zino,
highly alkalino lubricants must bo avoidod and it is for this roason
that scap omulsions aro gonorally not used in the fabdbrication of
aluminum partss It is usually a good idea to follow most drawing
oporations with a cleaning oparation to raomovo the lubricant as
soon as is feasidlc to reduceo the possibility of corrosion taking
placos This is ospocially trmo whon annoaling procedures are
us6d sinco ramoval of ludricant reduces subsequont difficulties in

plokling,
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‘ 2 7. Freedom from Physiological Effect w
o
;5') While certain people are allergic to certain of the
‘ constituents of drawing lubricants, the occurrence of dermatitis, ;
1* which has been associated with contact with drawing lubricants, hag -
f_'? been found by the U, S, Public Health Service to be due mainly to <
¥7 contamination of the lubricant with bacteria or defatting of the . <
; ;:; skin, In the former case, bacteria are introduced into the lubri- o
k<, cants by carelessness on the part of a worker or lack of cleanli- 0
e ness of the worker's skine(16) 1n the latter case in which the i—
: skin is defatted, difficulties may be oliminated by the use of ] =
3. appropriate protoctive ereams of which a largo varicty are now
g availablo on tho market, Iubricants containing white lead should }:
5:(;1 bo avoided and, at the prosent timo, there are available an amplo o
:}?. number of non-toxic substitutes that givo equal performnnco, &_
22
A Tho mterials froquontly addod to drawing compounds to .—7
A mask odors due tO improporly compoundod roactive constituents or -:I:
rancid fatty materials scrvo a real purrosc so far as psychological =
offect is concerned, but whon added in excessive quantities mizht -
have an advorse physiological offect. For exsmple, ono problem was -
brought to tho writer in which a pungent materinl was emitted from a ﬁ
lubricant emulsion upon pnssing steom through it for the purpose Ny
of facilitating dilution with wnter, It was found that this was ::$:
due to tho presence of napthaldchyde which was substituted for e
benzaldohyde as a deodorant, Thoe vapor prossure of the naphthaldohydo t}j
is loss than that of bonzaldohyde at room tomperature, and conso~ '-jf-
‘ quantly a larger quantity was used to obtain tho same dcodorizations ;
5 ‘ Howevor, tho naphthaldochydo is distillablo with stoam and conso- Qo
Ay quantly it all ocamo off whon the compound was dilutod with wator at N
‘l& high tomparaturcs, This was sufficiont to cause tho tamporary Na
:ﬁl hospitalization of sovoral omployoos, \‘
¢ fae
‘kr 86 EconOEﬂ iE
Wt
L It is fairly obvious that tho cost of drawing lubri- W
xz,;l cants must bo balancod nagainst oporation coats and that it is a o
fl\; foolish economy to roeduce tho cnst of tho lubricant if this results 3:\
in doorease in tho life of tools or in the quality of the finishod *7;?:
E products On tho other hand, high cost of lubricant is no guarantce ;"ﬁ
e of high quality, although many metnl processors have utilized this oy
s a8 a eritorion, In addition, proprietory formulas are, in genoral, o
$3 overpriced whether thoy represent tho best material for a particular :-‘:-
WY Job or are not especially suitable, It has been the writer's s
1 experience that after the fundamental principles of drawing lubri- '.:}:i
iy cation are applied in selecting lubricants for various drawing ﬁ
. operations, not only is tool life and quality of product improved :r;j
o but there is usmally a considerable decrease in the cost of the o~
b lubricant, This is ospocially true when simple mterials, which &
‘%} ﬁ\j
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can be made up directly at the shop, are utilized in place of
proprietory formulations. The use of the appropriate simple materials
is not especially difficult if these principles of drawing lut.,ioca=-
tion are kept in mind. Another possibility that is frequently

ignored in the use of superior drawing lubricants involves reduc-

tion in the numbsr of operations rcquired. It is oconomical to

pay more for the lubricant if savings of this sort can be accomplishod,
still another consideoration involvos the ramoval of the lubricant,

and it is somctines pessiblo to effect savings in thesc oporations

by proper scloction of the lubricant providoed the porformance of

the lubricants is the samc.

E. Typos of Drawing Lubricant

Drawing Lubricants may bo classified as follows;

1, Soap and wator disporsions

It has boon established (17, 3) that lubrication by
soap disporsions is suppliod almost ontiroly by acid soap presont
as a dispersed insolublo solid rosulting from hydrolysise The
hydrolysis of soap may bo ruprosontod as follows:

Na Sp.——————aNat 4 SB
(soap)g—-- (fatty acid ion)
0 —————)0K" + H
0 A
+ Hsp + NESP-—9NHS ’ o
(ac?d soap)

This hydrolysis is tho causo of thc high alkalinity
(pH = 1042 t0 1140} of M™noutral®™ soaps whon disperscd in wator at
low concen*rations. Howovor, any approciable oxcess of alkall
should bo avoided as this reprosses the hydrolysis. Tho acid
soap, formod as above, boing only slightly soluble, the abovo
roaction proceeds to an approsiablu oxtont depending upon the
concontration and temporature; the lowor tho concontration, and
tho highor tho tamporature, tho greatar tho hydrolysis, oxcopt
insofar as the solubility of tho acid soap is incroasod at higher
tomparaturos. The soaps that arc gonorally rocammendod for use
as drawing lubricants havo fatty acids of rclatively high titer,
1.04y solidification point, mado from fats rather than oils,
Since theso soaps form acid soaps that aro loss soluble than thoso
formod from low titor fatty acids, this rocommendation is ordinarily
a propor ono. However, any soap can bo usod if attention is paiad to
accomplishing maximum hydrolysis, such as by using low concentrations,
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While practically complete hydrolysis can be attained by sufficiont
dilution for thc formation of an offoctive lubricant dilution
should be stoppoa considerably beforc this point so as to have o
caortain amount of unhydrolyzcd soap availablo to dispersc tho

acid soap. It might bo mentionod that many metal-forming cs-
tablishmonts consider that a soap having a hoavy gel structuro is
necossary and use tho "slippory" feoling obtainocd with such dis-
porsions as tho oriterion of a satisfactory lubricant. While it is
froquently true that soaps that tond to form hoavy gols arce also tho
most cffootivo producars of acid svap. it is generally advantagoous to

utilizo those sonps at such a low concontration thet tho gol structuroc
does not form,

<y Boap, fatty acids and wator

Sinco tho effootivo constituont of soap disparsions
is tho acld soapy it appours obvious that additions of fatty
acids to soap s0 a8 to increasc tho acid soap content would supply
moro officiont lubricantss This improvomont has boon obsorved to
& limited dogree in laboratory performance tests(18) but this typo
of lubricant has not boon amploycd widoly in motal drawing.

3. Soap, fatty oil or fat, freoc fatty acid, and wator

This is tho convontional typo of drawing lubricant and
is usod extensively for all sorts of drawing oporations undor various
proprietary namos, Whilc tho froo fatty acid may bo added, it is
more ocustomary to utilizo fatty materials that are partially do-
composod into fatty acids, since this onables thu usc of choapar
matorials.s It has boon claimed that tho fatty acid is addod to "wot!
tho metal but it is moro probablo that tho soap and fatty matorials
aro acting as a vohiclo for this froo fatty acid which lubricntcs by

- tho formation of polar adsorbod films, Othor portions of tho

lubricant, notably wetor, also contributo towards lubricction dur~
ing drawing,

It is advantageous to usa as much fatty acid as possible
without causing oxcossivo corrosion. Relatively large variations
in sogp and fat contont usually causo littlo chango in lubriecation
propertios and it appoars that ono of tho main funetions of tho
fat or fatty oil is to form an amulsion with tho 30ap and thus inhibit
the natural fcaming tondoncies of tho soap disporsion. It has boon
found, in. many casns, that tho uss of soap disporsions in conjunc-
tion with an anti-foaming agont is oqually satisfactory to this
convontional type of drawing lubricant.

4e Soap, Minoral 0il, and Wator

In lubricants of this sort thorc is a chango in tho
physical propertios of tho soap duo to tho firmation of tho omulsion,
including foam reduction, but tho sole sourco of fatty acids is still
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g:.s?j the soap. It has not boon dotcrmined whether tic tydag up of the E;:
ﬁ%ﬁ gocp in the emulsion causcs a dccroase in the available froc fatty 3
kgﬁ acide This typo of lubricant has becn used mainly as 2 coolant. S

[
".

-gﬁv 5. Soaps, Winoral 0il, Fatty Acids, and Vater %é
ey Y
é%f In lubricants of this sort thc mincral oil is used s a ;d
N vohicle for tho fatty acids and for changing tho physical proportics 33
33 of the soap by formation of an amulsion, Tho minoral oil is fro- b
; quontly usod surroptitiously in pleco of tho fatty oil in tho »

e lubricant listed in 3 above, bocauso of tho physical similarity EF
%ﬁ% betwson tho lubricants. Howover somo of thosc lubricants compare $
Q favorably in peorformanco with tho cmulsions containing fatty E:C
;éf matorial, In fact, those lubricants should have cortain advantagos h{
L4 sinco tho absence of fatty matorial should causc a roduction in tho Eh
» cost of tho lubricants, and should roduce rancidity. Howover, this »
-} roduction in cost is not rossed on to tho consumor in nany casos. 5
{3% It should bo mentionod that minoral oil is frequontly only nartially gg
§§{ substitutod for the fatty material in the lubricant listod abovo, "
o In this case, it is usually intondod as an adulterant, but from a

o practical stundpoint thoro is vory little difforonco in porformaice

At and this practico may be condonod if at least part ot tho cost roduction

S is passod on to tho consumor, '

A

Tho lubricants listed in 1 to 5 may be usod as substrata

Wiy 2
8
ORI

S, (%
", for tho alddition of othor constituonts required for lubrication in ﬁf
-2 sovoro drawing operations. Thesc additicns may contain roactivo cone s
i stituonts such as sulphur, chlorino, and phosphorus in thoir various o
X, stagos of roactivity, fillors, ctc. N
i B
;gg 6o Lubvicants of tho above typos plus Roactivo Constituents &j
0 £y
§& Whilo chlorinc and phosvhorus aro used to a cortain extont, g&
; tho most common roactive constituont which is added to wator baso "
- aonulsions is sulphur. Whon sulphur is usod in ite olamentary form 7
it funotions partially as a roactive constituont and partially as a %5

fillore Tho sulphur added as « portion of sulphurizod oils may

havo initially varying roactivity. Howevor, bocauso of tho high
alkalinity of soap omulsiong, there is a considerable roduction of
roantivity of each of tho sulfurized oils in comparison with tho samc
oils in o1l or wator, In fact, the reactivity of chlorine and
phosphorus bearing compounds aro somotimos reduced so much by tho
high alkalinity of soap disporsions that thoy are ineffective as

‘.:9 B

R
SO P

&0

e
i,

S

extreme prossure lubricants in this medium, %:3‘
Y

7+ Lubricants of tho Above Typos Flus Fillors e

0

The fillors that arc most froquoently used ares chalk,
lithopone, zinc oxide, clay, white lead, flour, yeast, bran, talc,
erephito, and mica. Those materials tond to separate mechanically
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tho motal surfacos insofar as thoy ean adhore or «an bo trappod
botwoon theso surfacos which arco boing suvjoctod to high shoaring
strosses, 0no consideravion of the usc of compounds containing fillors
involves the tondency for sclimontation to tako placo thoreby ro-
moving the fillor from tho sphoro of action, ‘This boing tho casc, it
is usually nocessary t0 usc the abcvo omulsions in concontrated forms
80 as t0 inoroase tho viscosity of tho modium and thus rotard scdie
mentation. Thickoning agonts may also bo utilized to inereasoc tho
vigecosity of tho modium, somo of theso boing: starch, flour, golatin,
and sodium aiginato. In gonoral, two typos of inorganic fillors

aro .amployod, namoly, thso that pulvorizo upon being subjected to
-high. prossuro and thosc that havo woak cloavage planes so that
slippago .along thoso planos tokus place whon thoy are subjoctod

to high.shoaring stresscse Examplos of tho formor are chalk
(whiting), lithopono, and whito load and examples of the lattor aro
:graphito, telc, and micas Tho formor typo rosults in groator lubrie
oant friction than tho lattor typo but arc probably moro offieiont

-ag ‘mochanical soparators of sliding surfacos. In tho lattor casoy:.
tho foree roquired to.cause slippago at tho wonk clonvago planes is
usually rolativoly amnll so that impedence to motion is not as groat
a8 in the caso in which a orystalline matorial must bo orushoed bo-

- forg notion -can tako placos In tho usu of fillors in soap and wator
modia. attontion must bo paid to. tho soluoility of the fillers, so thet
tho .soap :is: not procipitated ns alkalino oarth or hoavy notal soapse
This difficuwlty ie;oxporicnced to a grout oxtont with gypsuma
Organic £i1lors such;.as bran arc usod in cortain wiru~drawing lubris=
oanxauandtofrer tho‘advantagos of high &dhOSiVGnGSB'and softnosg.

LA SR S : Sy
L It has boonsround that a- good mahy 1ubrioantsooon$uining
‘,rillqre<oontain surpriainslx largo: guantitios of abragive partioclos .
o du04t9 the*uao of- natural: sourcos: of tho-fillorge MLny,pf~thoao i

AR ; ;mnrticleldaro ooarson,thanwbho bulk or tho: fillor. s8ingo: thoy-aros - »

egrounapwtthigroatpr AiLLioulbya; Oonsoquontly«bhoso large.partioles:
gmouldynoaiment -and: havo. no- offoot on. 1nbrioation. Noverthcloss, o
ﬂAf'abraaivo,particloa aro*froquontrygprosont in
vwh rpfgootiyo aphoro«oraaction of thos tillors. -This~oftect: haa
no ‘boon:-0 omglotoly ovaluﬁtcd.;butésomc -work. hias: 1ndicatou thatgin
motal drawingfthaao abrasivei particlos. ano: Toad: dotrimental than::
\mwould “bo oxpectod. I dortain inabandos. it is oven- deairnblo»to“ "
*-have. 8 rillowhthat 18, 37 miwhat abrasivo 8o as to provont oxcosaivo
‘thor;not.al( o r’é*: TR u PRI Y SEVLI A S

t-‘-' “‘\*"4"“‘&“" Sy T2 a-i SSTEN A L I LI A S .-¢ el

8.9*Lubricant3scontainingbimuxlaifying Agents other than chp
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activo proportics they frequently are relatively poor lubricants
and aro inforior to soap from this viowpoint. This also applics
to "soluble oils" widely used for metal cutting which gencrally
havo potroloum sulphonates as emulsifying agcnts.

9% Mineral 011

Minoral cil alocae is quito uncatisfactory as a drawing
Inbricant except for the mildest drawing oporations. ZEvon in theso
c1508 tho minoral oil should bo not vory woll refinod sinec tho
small amount of polar matcrial prosont in erudo 011, which providos
someo boundary lubrication proporties, tends to be remaved during the
refining process. Mineral 0il obtained from suoms erude oils such
as “gmackover Crudes" contain relatively large amounts of sulfur,
Although of low reactivity, this sulfur imperts some small oxtrame
prossurc lubricant proportiocs to thoso oils. Tho cooling propertios
of potroleum 5il baso lubricants dopsndent to a considarable oxtont
upon the viscosity of tho oil, which should be low for better cooling
although not so iow that the flash point is bolow 275°F,

1C. Fatty 0il

Fatty oils have boon used quitc oxtonsivoly in doep
drawing oporations, the most commonly used material boing lard oil,
It appoars that wator baso lubricants can bo substituted for fatty
0ils without any loss in porformanco in many casess (Consoquontly
fatty oils are rapidly being displaced as drawing lubricants since
thoy cannot compote with tho wator baso lubricants on the basis of
cost and oaso of ramoval, In many cases in which fatty cils arc
used, it is possidlc to substituto mixtures of fatty oil and mineral
0il provided that tho contont end type >f froo fatty nacid arc adjustoed
80 a8 tc bo tho samo and tho porcuntego of fatty oils is not too lows
Tho advaatagos of minoral-fatty oil sombinations over straight fatty
0il arc lowor cost, loss gumming; =nd lsss rancidity, Thoro is someo
ovidence that the porformance of fatty oils is governod to a considor=-
able oxtont by tho amount and typo of froo fatty acids, presont as a
rosult of hydrolysis of tho oils by bactorial or othar action, but
thoro sro other constituonts that mnke important contributions tow
wards lubrication.

11. 04) Basc Lubricants plus Roactivo Constituents

Additives containing sulphur, chlorine, or phosphorus
aro frequontly incorporated into the oil lubricants just dis-
cusesod to supply lubrication under more sevoro drawing conditions,
In those casus minor porcontages of fatty oil may be used advant-
agoously --~ tho minerul oil acsing as a vohiclo and tho fatty oil
yiolding a polar lnbricant to roduco friction duo to the stress
deformation of tho 801id film that iy formods Roactivse constituents
of varying activity may be used to fit the sovority of tho drawing
oporations,

=2 0w

LAV S Y YIS W S WA Y R g I weet W . kst WP, b TPt cmeis A e e e - .. - [— -

W A ar aT AT e e e
AR P

- s P
Foby ! M otati=p e

X

s i
lrl

£ -f-:.:

é.é:“

A M S A A A AL A R A T S A TS L S,




L Iy ¢ -renr - PR - - - - - - -- - PR———, -

12, 01l Basc Lubricants Containing Fillors

Fillors may bo incorporated into tho avove lubricaats to
inercaso the wold proventive propertics of the lubricants, One
lubricant which was cxtensiveoly used in tho carly phascs of acs)
drawing was whito lead plus linscod or castor oils, The uso o. this
lubricant has beon practically discontinuod bocausc of tho poisonous
naturc of tho white load and tho difficulty of removing tho lubricante
Chalk (whiting) is now usod extensively as a filler and frequently
lithoponc is usod as a substitute for whito lecad, ther fillors
that arc usod arc tale, graphits, and micas OColloidal graphite
disperscd in minoral oil has found wido application,

13, Low Mclting FPoint Solid Lubricants

In tho casc of wirc drawing in which a "sull" or rust
and limc coating is cmployed, it is customary to utilizo powdorod
soaps as the lubriennt appliocd at ths dies. In this caso, tho wiro
is allowed to dip into tho soap powdor which adhoroes to the wiro.
This is carriod to th¢ dies and is gonerally comvortod to a trans-
parert adhorant coating which froguontly enables the wire to bo
drawn through sevoral l1ios without rclubrication. Sinece it is
nocassary for tho soap powder to adhoro to the wire in order to bo
carriod into tho dios, onc of tho most important proportios that tho
soap powdor must havo is a reosistanco to tho adsorption of wator in
tho atmospherc which would rosult in clumping of tho soap powder.
Far tails roason soaps usod for this purpose should bo substantially
froo of glycorino 19) or othor humoctants; soap buildors such as
g0da ash or borax arc froquontly addod. Thoso built-up soaps aro
froquontly rolatively inoffoctive in wator media because of tho
prevention of hydrolysis by tho excoss alkali of the soap builder.
Groat caroe should therofore beo exorcised in attempting to utilizo soaps

dosignod for dry wiro drawing f?f yct drawing, In an oxtaonsive study
of wire drawing soaps, Francis 9) founa that sodium soaps high in

saporifiod fatty acid contont and low in glycoerides and moisturo
wore bost whilo potassium soaps wore very poor,

While soap is used in powdercd form in wire drawing,
in certain other drawing operatiouns, it has beon found advantageous
to utilize dried soap coatings which are introduced onto the
surface of tho work by immorsion of the work in a hot concentrated
solution of scap followod by air drying or baking, This results
in o thick ccating, in contrast to boundary films, of a matarial
which ig readily plastic dand which is probably changoed to liquid
form during thoe drawing oporation(lz)' The dcorsase in the co~
officiont of fricticn and prevention of welding due to vhe attaine
mont of thick film lubrication results in long tool life and low
power consumption,
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In using this tochnique, it is nocessary to attain good
alhoronce to the basic metal. For this reason tho surfaco of tho
mot2l must bo cloan and it has beon found advantageous in at loast ono
instarss to have the surfaco slightly roughoned. For examplo,
williams (12) has found that tho spplication of a light film of
minoral oil prior to a wax coating rosultoed in fallurc to obtain
the good performance of dried wax doposits.

It is possiblo to usc othor materials in piaco of dried
soap with similar boneficinl rosults. #axes havo beon uscd in this
mannor oither deposited from a solvont or from an amulsion. Fillors
or roactive constituents or both may also bo ineorporatod into those
omulsiong.

14 S0lid Lubrioants

- . S oot v .
T e AR [N T

A lubricant that has boon usod for sevoro drawing opora=
tions on forrous metals consists of tha stable compounds formod by
tho aotion of sulphurizod oils or fats, which are hoatoed with tho
motal with a considerablo qu.ntity of wator boing prosont, This
resalts in o film of stable chomiocni compound consisting of sulfidos
or partially oxidizod sulfidess Corrosion is inhibitod and frioction
roduced by tho layor of oily mntorial formod at tho samo timo,

This lubricant is used alono but voomsionally a ooolant is
oiroculated in oconjunotion with it.

A i N P kol
ST

Coatings of rust formed in such a monnor chat tho
oxide is hydrated, and thoroforo not abrasivo, aro oxtensivoly
uased a8 doop drawing lubriocnnts in conjunetion with liquid lubricants
containing polar moloculos such as fatty acids. Tho sull conting
usod in tho wiro drawing industry is of this typo although this is
usod in oconjunotion with limo and bakod t6 neutralize the acid usod
to cause tho rust and to ramovo ocoluded hydrogon that ambrittlos
tao motal, In the oaso of non-forrous metals, oxide coantings aro
also used oxvonaively, although it is froqQuently not roalised that
this 1a tho caso and some ineffioiont ompirionl method of applicaw
tion is froquontly omployed, Yor examplo, work is oivon atored for
long periads of timo for this rosason.

Phosphate deposits have been applied te many duep drawe
ing operations usually in conjunetion with a liquid lubrieant
although in at loast oae applicstion it hae boen reported that ne
other Jubrisant was useds

It may be mentioned thot while thiek=films of soaps,
waxes, sulfide, rust, and phosphate coatings satisfy the primapy
ebjeetive of lubrieation, that is, the separation of surfaees 86
ag to6 prevent welding, ths last throo treatments result in a high
opder of lubricant frietion beeause of the neeossity of defomming
pelatively britbtle depesits,
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15+ 1Metal Lubricants

In certain severe drawing operations especially in
the case of forrous metal, there is frequently interposed between the
work and tool a layer of a2 dissimilar, ductile metal. Copper, lead,
zinc, and tin have boon uged in this connecetion, application being
by electrolytic means, hot dipping, or chomical displacements
This typo of lubrication has been discussed carlier in this papaer,
Non-ferrous metals are also used in powder form as fillers incorp-
orated into water or oil base lubricants. Aluminum, copper, brass,
and lead havo beon used in this manmner. It is, of course, necessary
to have the metal in a very finely divided stato,
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